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r Lkl. <*jL» Jlyikl jil ylJSSkll fii j-kiki jjajV 

At (fit Ji \ <121 jl oU>UII 

jl * Jnmlllij) jgj^uaolLjl I « <f<Jl>^j CmS 

£yk lil 'jlc. <-ul2k <2ilj-» fjic. < A aJI iu Vj *ill j i, b li 



•• •• 


1 J** - *>*• CmI jll^Vlj ol5kj4 Jjili jjjSJI jLLu.V I 

^IjaJLujI JL»-» L*4 ^jaj JU-wL^LJI 

*->Us£ll Iju» (jjt LiiLi uilUj < «_iLlVl . a|( 

£*a>j l*J JiLJI tr Al*JI f\>*-i>II Ijjfc y LoS ^ . A >1 1 cjjiflhLII v_jLt£ Lfi 4xyu Ji . 

tA>* o~* oLj *aJ I jJc. jji ^i.jj. 3_itU">lljo^Jl Ji <_Sj £ju 

oL j 4^iJ I Jjl SjjaVI ol^luJI Oj-flal J-!i p L«-1jJI ^.LaJLaI Ojlil (jlJI JJi\ 

• ^jjLuAaJI JLmi f jt <*j£ L 44 J&l I LfiJ <LLiklt'lj 


• £^jll O* O* Lfj-» Js» Cx3$^ olj ia t i t £yk lJUJVI 

I3U . ij-iiJI jl ^jUIl UiUll ^lllf Cx&i3 »j f* »tJ I JjVl Xa ^4 

Ij -j l x xt JI ^ ole. oL** j^ liU*f * o *« v-*UI *5 jL* jl ...<*»I J^Lu* 
iJ-laJ »J ii i illj t-iUI £>U Jj-aLkJI |vkuJI ^^Jc, <1 ^jJLuj jlc. Li£ Ij l. ..*C*. I ^‘1 « . 

(T ^J j ~fc >> L*^j| JAIj t_jL.it!> »(JLI JJtu ( t ^ LaLaj Ij j • ■* tl J~ t f 

IjjuaaJla »j i A ll Jlajj AjjjuluII * LauL <o1ajJ| * jjft J^*Vj ■ JaSiJ>* <jAlj < Mj| ^ jJU 

»Liltl y <>Lc. ‘-iLJVl <x.l!ua ^ ^ j VI . mJU ^La.jll <j1 t_tawjj . l+JAlj 

cbL^ <jLa jujj JULuua jj-uu <j] jj-Jll tillj oicj 



*I ji JilA e j .A ll JLlxil JLutljal LlaJ Lili jl ■ ..<WI o>LaIiua U“l ‘«(j 

(jLi^l ^Li Sij . j l ..tC .y I JaLa_a ^Ltil » j_vAll JAIjj ^ * At ...jj 
■ ( Sijkt M (jajLf-* t t t I , ^ A yi ^jAJLuA j^ill » j>A 11 jAljitl J_*LL i_Lubj ^ajJLL 

t>* ^ii ^ A ^ ^oJI ^j-aIaJI ^LujVI tjA ^-a^LLa a > V LU I t ^ 

. Jaj Ujj <tUnLl jljjii ^jll JLaJLI I jjl yi I* ^ .Al l 



SoaLm^ oLSII \1m f+xH ^U. Cjufctl Juiul Li(j 

. juai u* 


IfJ till unit I Jbfi 

Mir/v/r 


cfjUl 4f*dkitl jjc. „ u ^ j / jjjZjII jfauitfl 
LjlLill, L^xtif ^ <LyoZ/jfcLj 

D.Sc. *IjjXJI 1*_>j Jc^ Jc, JjuoLJIj 



<LujxJI dfiilaJI <Ld 

H* w • 


. <w^Hj otfU* ,> jL*a«il ^ JiUill 

(S'*-* ^£*^3^ u“^ 4a ' <jLlSj jjJo JULjL c*Lf-uil ?* - ,-. t ,,.~.< lj 

^LuUI fkj « JclfcA«Vl <- tj t n i < ClLu.,.1 nil ^Lul oLiL_c. ^ ^ il l J. .». 

<(->•_>jlnll, t^ljiL^LJVl^h.^j 

■ j^mIjjII ;,j . »»n ciuvij 

fjic. <3 UaaL<j i j4fuall J^ljlll olcj^ja JjIHj Auda. ^ja ^1( <a.LJ| &jj U ^JJjJ 

< _ r i L> U lj J oLK^ UUJI oLuljJI jl^^^^LJVI 

LxLJI JiSj (-$>“ ciLjVlj^^uiJI J^lulll jjc Lls±jj» J^AJI <x.li^a 

^Ij-. ±*U l4^um SjLLLujVI y ^ <jIw»VI ^1 J\ J\ 

. *->L J£ Jbl^i y 5jjSll* ijujt 

Interferometry ofoljiiu U1IL j^Ji V L£ <> <^>*11 ^ • ■» ^ >1* 

<L^j2^JVI oLj^a-Jlj < oUj 4 rtjt ) < L » J( «i N W * j_Jtuj Fibrous Materials 

^ULaJi <jU(}lf ja. M . o lj Jjjjjjju- -^JLlil AdamHilger jlj UjOmiS^S ll 

t> y(2£ll i*jju y c^Loi <iLil ^Jl <u.UI 
^ LaI^ VIj 4j_laK^ Q^*->J fcjLui t,t(j»j^qll ^U_*j|-j 

. Jkljlll t_*jU3 <UjualkJLI ^>ucJI jjLttil iillj^^l^wAll J^illlj CilLilllj 

.*»H jj^JIIo«_iil —v_j 

• <UmVI 

^ < 2 lioky JJ^itlj J >tail ^^all Jildlll J> r l,^ 1 „,V LLi^j yLSJI r dJL, 

tr* Jllolll J^u ^Liaoj U^,4illj . ^LJVI L^ljj 

W* fJfi cr*N oL^lilll ^le. f UuVI . c-iLJVl ^L^i. 


V 



ulA UjIjU. oUjUll fjmiik ft*i iw(j ^ y . All J^ljJllI yjj| 

jLui^il iJ-iijyJ 1 > . t | j a ^ jju^aJI JjJaJ JyJL ^IjaJLujL 

. SjsyuHlot^* 

L*1. i_iLJVl fjic. ^ iA II (J^lolil jj.A s glLli yjt yLa^lf ^ ~ Ll^ 

L|_^Lul ^ i A ll JiljuJI JauII ^ ^Lui^l 

(jp i LaJill ^jXuull jjJc. LIU. 

* <J^*U yL£ll Cil|j!U« ft, liy ^uxi £yk v 

cr lt 1+SLi.j. Jn ^j >A ll JaJjJkll jjUjuLil L ^ajX.J (jjyx^aJI Jildill SjJkUi —} 

. JLJVI 

jjilL <_jL£ 1I CjLcjj-ijI UbttL^ll UJUII i jie. JilLaJI (jLiJjII JjL oil TU 
(j-L <o«LbA| #Lc.| f-*-**j ^jlil) olull^ll <j«* UjJLL* ^t “u »* ^jLill ^ < T ilWl»V ^jJI 
(j-* ij jl^ UaOA, ul«j"i ml ilf (jfjll uiLJVl <cllkAi £frU 1 it>tl (jjCmH^IIJ(^Lt »l«ll 

.oLoUIl 

IjuJI oil »l»*i u*a11uu QUiijifllj gjj Jill jJI < j M-l I ^jj£ ■ * 1 1 * LS 

y^l ULmII ji i g U1 1 * 1 4I I ji LlUII oLuljjll u^liJ tjiS * Ij_ui i_iLJV I 

• JUdl U-ml % <L< > jijlj 

E.R. Pike jyilill ILl^VIj W.T. Welford j^aJI jlu-tfl J\ JML 

I JJk £y» Lj^U'lV I <A iUl J)U £yk oil j t fc>LJI oUljliVIj StUlII ^ jujjlU 

. V L£II 

LUtl oLuljjJI i_j^Uaj l+il I pljtiJI y)LU IjUii Lakj4 v^LUl lil i'ii^j jj| Ji*G 

f t -^~ ■ •■"j~~ ~‘ciVL^» ^><if 1I g* 1«" .“>11 .♦Uv^j2^yJI J a ,~.KK1 

. <itai Lfb(jlL eiUVl 

H ^ jtHje V* 

O -4 ^ ££-*l >Ua.l. J. / ol^^C . J. / 


A 



it&ll oil (I 




V 

<uaL 

\r 

iiUjil; JjVl 

\x 

^>^11 > iiUH \—\ 

u 

<*_>> L Y— \ 

\A 

yLLiL^VIjjL^VIj^l^VI Y*—\ 

YY 

< rtl 1 HiLulVl ■ ^ t "w £—\ 

Y*\ 

>~t~t. tit 1 Ij L y% LaL> V1 0—\ 

Y^ 

v\ 

r\ 

^>*^11 jjUall V—V 

u 


Xo 

jjjjill <Axt| : ^lill 

Xo 

*ujL* \-Y 

n 

jjflll ^Jl] Y—Y 

ya 

tSJOflll J*ill o-Lul T-Y 

M 

oIjllJ £-Y 

u 

oljjll^t^uiVI ^^CicJI o—Y 

o*\ 

~ jjfl lM( VY 

0^ 

ImI j^l V-Y 

*W 

jj-illl itj 1 <il*2J| A—Y 

V 

jjaUI^U-tiSjui VY 

VY 

^4(j2 \ y 

V*\ 
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w 

^(JVl jt «Uji> : £jla)l J^aaII 

w 

ciUVl^jj.^j^LN-r 

VA 

^-*^^1 (jj ^^j‘HI jjjLu Y—Y 

AY 

<j>upJI uiLJVl Y-r 

^A 

fc*W* 

N.. 

J^. 1 Jill oIjaLmI : ^iljll J-«»n 

N.. 

JLai.N-1 

\.\ 

1 <fAA. ^ kt ail Y— £ 

N.£ 

<LuJI j. *■ Y—£ 

N. V 

yi ulAJll »jmJI J»li! £-£ 

N NT 

u*L*ok*M jHhlllj Lilja^Jj+ll o-£ 

We 

l^Ifr jjjllll jHljllIj <U^jaa 1I obufJI V£ 

NY. 


nyn 

eiUVl C. ^iLSlI ^^3—all Ja.IjI]I olSjJiln.1 : (j^LaJI JiAill 

NYN 

«L* jjL» N—o 

NYo 

tja»ljlll c^jjui^jSLu 0)l>i Y— 0 

\Yo 

uiL5U ^Ul jL^iVI Y-o 

^r^ 

<£>*aJI <-iUVl jyjlloll ^yJall JlJjllI jjL oliitUl £-0 

N£V 


No. 

*^oLlVl jjJc- JJalll JUjllI (JjJa jjuJaj : ^jLuJI J^uAill 

No. 

cJUVl OliuL^j jj«iII HI JHIjIII yxo N— *\ 





UV 


NAo 

\\r 

Y\. 


jtuiil CjUAdit JJlull ^irtll ijabljlll yit Jiiiu Y—*\ 

ciLJVl 

•GRIN, STEP OjaaJI ciLJVl Y—*\ 
cjiLJVl PECOI <j4j]| uji<L)lu jitkt l—\ 

t^LaaJI fjli u Qjyul JJol U ^itl Ji.ljlll < JjJb JjjjlG 0—*\ 

ciL5U 


Y\Y 

Y\Y 

YU 

Y\A 

YYY 


a *J I J^ltlilL CiLJVl £ Ini u <LlljiuL LuiljJ : £4LJt J«aa 1I 
S jilll I »JJkSC« J J 4 4 .I I JI Jjkl jlll jjia \—V 

(JmI^JuVI Jk £JjJJ ilbu Jiljtfl uJi (jjilnl Y—V 

^kuYl <LiljuL Luiljjl 

<Lilj4lJ r» <4-uljjJ Y—V 

ciUVl^Lu.1 


YY i ciUSli ^1^1 ,jJc. ^iiiVill jjYg : ^till J--»H 

jjJt oUj(A)fJ^J L»La> OlJuU yJall jajIa N—A 
YY1 ,J^11 <4^1 ciLJVl 

jLu^iVI O^LaLl* CyJ LaU <?>• >• U £ 4 JCuulil jajLa Y—A 

^jj^tljLuSkiVlj 

YYV ^Jill < i? M..II ciLJVIjO^JI ciL5U 


YY1 


e^Ui 


-w- 




Jkblll oljjSjd Hjj ^u : J i rtiH 


YT0 < A1 1 t U.ljlll U t^n M j ^ u Ci L ii i IimI \ — \ 

Y£• JaJjllI oljj£*HAj£xa o^*i ^ 


Yo© 


fc*bU 


YoV biUVl <kuilji *jaaII CiU^I (yiLaJI i-iliwtll ! ^JuIaJI JaaiII 

YoV ijjuuill U^ac.J^>L ui«UL» \—N • 

Y*\*\ 4jNuuiJI *U^I ) _ f i ^il A . 1 1 i nltt t ll l Y—N* 


YV\ 


fc*b» 


YVY 

YVY 

YA\ 


YAo 


Y\. 


J^ljlll <L)ll ySoil^jVl J Jajl l : juuuC. (JaaaII 

~U 

JlIjSlI Uiii JjUl ciIj!iit> N N \ 
jLu^uV I J^Lu* u inrt Y—N \ 

J-u^^Lklujlj J^.ljlJI i_ijL* (j^wL^jVI J j l - fc >11 Y—\ N 

d . j>j«*. .■! I jjA- l tlll. i.ia »1 i. ..11 tjiAxull jLuiil Jabu 


Y^ 


4^ -l-H-.l ->. IL.^.t I 


->Y- 



dill jliiU 

liltti*U IjPjj^l I £jLuj| 

Emission and Propagation of Light 


The optical spectrum : , a.Lt l 

oL^>ll *44 < Iium jUli .4j L> j£JI 0L3-4II <l*l£ <L*>1 \/\ ^Sjjiilloui 

^ • ) jl (jl* ' N * = N) A *403* I4I33* J>L uuj*». 

• • =ojj£f* N oltfL (ji* V N*)ojl^Ij1(j1* 

: ^ 1 | ^j-uoll JLlaJI p .-••jj 

• (j^h^ «—N«^ <j-y ,oitill jjj <iLl» —| 

• ji^iU VV\) Jj^loa^LulVlSiLi*-.^ 

Ja»V ji*J : >&*« « M W Ui <JLjJoj * 4 Jl »*4 CtiJ (jjJalill * j^J *J4o>II <433! I JI3LVIj 

1 A« • <^03! I JjJall olj (A 1 Ga As) (jSaJI (j»«>■«»!I JuUI j|^iVl 

‘ Lwj 3 jl « <j£ld J^a.1 (403! , J^JII Lull L> HjJk Jfky 

• ir&>* d*l* j*** < 03004 HI fjA uji W£i 

• LjIaILj d LajjjIu A. >31^11 <030 J^L Jiwujjj 

v = % 

Ga As f^JUJI oljjjjl Jjj <> > U I ^ « i = X #>walf <534 J>U 

• J*J* ' l N • X t,t = 1) JJjj old 


-Nr- 



u 



oU^I: (N/\)fj) JlA 


Nature of light : ^^al\ ** ■ ■ L -Y/\ 

t> jjjiLi #j_^JI <ji (\A^) ^ U "Max Planck d£U ^L. * ^UVI fJLJI ^ 
dla^3« c&-* jjPj JjL 41 Photons ol^i j! quanta II JJt 
^<fcUilj. D ^K>ill JJj 3 Lu>ESiUJI<>s .>~ .^ 

: t) jjjlll < 1 Vju E ^Lall <iULII 

E = hu 

. «il^L cuLL m>*jj, ?-ul 5 ^jJ w "\. x '\,'\V (fjLuu culS jlaJL* htioa. 
crA»‘ momentum <ilL I4J Wavepacket JLa^ ok^I 

■ uw 4 ^ o^fl u^h « ^^ajLoa. 


-U- 



C,L ^ 1 <> li’l l i .o lj-4 yj <_t!y_haJI ^j^JI * 1 * ojiiy 

cJLiJSI aaj oiiuil ^Sll« oU^I qu <i-u^ja Jl oL-y all <kJjUI 

. jjflll <*^il (JaILaI <*>.Vw J I &UaWI 

^ 5^« Niels Bohr^ f ai (^^^r) r U ^ 

lt* ^UxH^lVl (jl ijjil j-^>j yj ijajJ-Ltj . i « m iL qj^^jjVl ijj 

O- 4 OJLH^I J*%J « <j»UJI ij* oljloll < Sjjlll Sjj^. oljl-u 

: iua. AE <iUa (Jj U3^>i jl *i,Uul JjjJa <J jil jlj^ J | x , 

E 2 - Ei = AE = hi) 


• E2 > Ei < JlillVI U | \u |klj ^lolll « <2UJI l^ul* Ua E2, E| 

i _l lllLuiV I jKaVI Ja| i * t I lit I yj OLLJI y4 <*“■ -* Olwlll \j Jjii J . " 

. f£ll K tt Kj * j^jiaj yi CkAf<m1 


^ ii£ V - angular momentum ^Ijll j j ; l- ;j 

- wavenumber^*>11 jj^II Lij3^Sil <uVI <JjUII jUELil ^ ^ - ai.^t. 


principal « u .. . L . h VI <_>„ • £ II jIjxVL - Sjllll ca^jjjjVI Sjj ^1> .L L-l tf y 

: oljlolL ^Ij quantum numbers 


1 ) = 



2 4 
Z e n 


u 3 

h c 




where p = 


mM 
m + M 


J 

L*^J . 0 n 2’ n l J 4 __ ~7T~ = D £u 

K 

<il ^3 4..* -fc < i i LaA m, e j < uXH^lVl J 1 1 1 ' . I t a I Ml jjjjjJI qOj utiall Jj l > ■ ■■! ■ , f V| 
<J* C£J*^ 4 X*JI z J < ej_fc-aJI C j < cL&L CtX h j < At ^lVl 

. Sljlll <JjS ^^a Mj< Cj^jjajVl 5 j j <f Lk. 

2 

/ 1 1 A 9-n 

d = R h 


/ 1 1 
V n l n 2 


2 - — , where R H = 


o 24 

_ 2tc z e p. 


h 3 c 



. Rydberg constant call Rjj 

4 J « n t( (j^JXfclL D Jbjjj < j« i <\ j <tjLu QjliL Jl iyjakLtl (jA<u 

c» b, m, e ^ iit jaj j«'i ll iifj . ^ ^-ui \ • MVA R <Ui2 l aL>*■ Ij ^jj 
idlj (jlSJj. <j 1**JI jy-ltilll £d* <jj m-htl R <«_i i jjjlLl j£*C jA>* jjll I <JjUtl 

• jA>i ^jlll olaiUJ j^l 

OaJi C^JD^I ix^ fc*-^ *4>+*l <x^ Cfr* ll < > 3j~* A*"do1 jifcj 

•jj ^Uaij ji < 5jj SjlSVI o U l «r . jlii oljj jjli , 

4 *jl^il oljjll £ju>L» o bjij j&iyi JLillV jli 1 ^ »jiAll iijuljj < Sjj 

: \) jj Jj oI j obp^i 


^ = ( E nr E n2)/ h 

. OJLH^VI J^l l**iu jLu jl jlll oLLJI L^i* Ua E n2 , E ni 

is* »_iiJ(JI LL (x* aa>JJI <x*il LfJ ^ill oLipjjJI *1 a <>* *d j "■ 

^Ij— a—J-U.L «illjj (ju\ -- £>1 ,J_L Jo_UI llA Jj— a*.—u<] jjiojj < 1) JJjlll 

*J^! <> ^-^3 4 (X^ J JL3-^ (A spectrograph cJLl** 

4 <.*H U I <jJLJoJI jJoLill yj «JLla JojJojk LfL* <1 aj 11I OUiiVI Jjlajj J .^l'.«)l cJji 

* tl > ^ ( J < 4 «i» « Ciltlii M • < 4*1 i A a Japalik l^li^ui!! >*<* i i.LI I | tilj 

J^(j 4 J^l yrl] tj A J w Jol <j* -k jk^ 11 1 4p>uall SjltJI illlj^j 4 <IuaLill oliL-ull 
<*9^1.1 JlpUVl olj *■ i t l td I Jo jial A^Si • (£jlVl jiualiftJI jt *j Juki <jLULo LJkJL IjJol 
l«iA Cj Ij J (/^ jl*ti JJj i XjIju < ij r (p <liuill caLjJoVI L* j ■ ^‘ ■ 1 I j ■ * 1 1 

Finger > 1 1 < i . . « >oj L* j < />>f (p cuuill t^LJUVI jji < <lull ^ji j •^*«tl 
. <1*11 y j.^i « » ll jjSijII o-Uu yj oLJJI JolJ <ujxAll Sjuiiij« print 

»JA j-iAj <jj L|jI ^C. ijlitl oljjll <jJLjllf kJLJall J^jJal j^ll Jjl jluj 
d>i°) * >jUt l Jal (jHo < t-iLJaVl <il ^Ku Ciljjll jl . l| mit qC. L|J oljjll 
*t *J jj^du 4 series olcj « jl J^u^Luj *jj^jj ( <jjj .All Oj 



vf^b triblets l+ij&S jl doublets ouklf , . i.li i 

tfjjll o^j3ll oL^lii 4 Jt x £«2 ^ill o 4 >i*ll ^ hyperfine structure jjVl j : « .h 
olL yL^ Sjjll Jkb <ilLll <-^ 11 . ^ d_,jj| ol ^4 

ob^b* oljloll »oa jlLSlciLa^b JlAj. oljljA^iol^jjSJVl .. i-.n 

t> Lk* L4 -J<l ^ ^Jlll Cillj 

. Sjtitl CiIjail 

<1^1^:^, L-|,li ? ■ -1 3I ijj OJ-^Jj _^-=^1) 

ILJ^j, ouiVl ULl* ^ <JLOJ| [+X*jLL > 4 ^ ^IjLyman 

^ LiJi «“*$* 4 cA** <-LL1 a ^ UiJJI L+ l^U j^JiS ^Sllj Baimer 
Fund^i, Bracket c&ljy Paschen <>iU ^,I ^1 LuiVl <iLi- ^ ^ia 


ij _ r (—«_ ._ —A— ), n = 2,3,4,5,.ultra-violet 

l 2 n 2 

^ = ^ ^—T- T~ )» n = 3,4,5,. visible 

2 n z 

_ „ / 1 1 

^ - ° (“"3 5” )» n = 4,5,6,. near infra-red 

3 n 


a 1 £**»> 4 jSjb^ll t>* jUJ J... ..^ 

. ^^jiMiaJltVo. ^^^SVl^aa^ll JljLVl 

tfjkl ya^ill* Cm ciVUllVI <kiL* < 2 U> oVtinVI o±ju Ji 

. Cm-* oljj JjISj t> 4^LlII 1ULUI J^kkil cJbtlkl yj ..^Jl jji I , 

j-_f_c <—SUaJI 0 ij H y forbidden L** . j^JL cVULUVI 0 --y 

oljlx-* * * , » <$• degenerate Ij>jL. t^ySuV L| <A «,jj * metastable jjiLu** 

. sub-levels <jLkj 

^L*oL.^i 4iUhl)ULL^i^^LuLULijj jli l*jic<ii ^kll ^ 

. <3UJI o-ii <J l*5Luib 2 jiluJLI 41 IU J\ 






: oljjll { jA Aixi yillj ULUI < LlujLluI oVU*i»l 4^_$4 _j 

. Absorption ^LaiaVI-\ 

. Spontaneous emission ^ Util I iUoitf I -t 
. Stimulated emission ti ^buiVl -T 
uuii L^4j lultuulj LuUti liLjujl t.ajUll jjLa* <Ti« j>11 <—sLtiaVI ^/nATij 

3, « , 1 nV I ftj-ai <jj£ll oLiJJJ_ilf £jU Jq-jIj-jJI <_itl Ai < <—J>la 

— <ajL*J I jjLuall <_J LiJ I ^jb ^ util I tjjl * y>VI < Coherence I 

ji itialuill tiiLuiVI 1 ft til I tLbuiVf tXui Qu 4 a i, u‘J I ^lill J i ^~>fll I yJ 

. I jjLuJll 

t<U goi^j < t_JUJI jA ■ ■■! I liiL ui VI JjjfL* (jl jj-J Ouil ) yJc dj» ^t~ fcll j»>j ti » uj j 

■ Sjj ft*I ft yAJ ol j <i*u£l <JLJI 

: v Ik&Lua V lj jLo^Vlj ^I -T/\ 
Reflection, refraction and polarization of light 

fj^ll Ihwi jl.uC.lj jvl^ul 

£{Clfl UftUll «oJjjllj < tjniCilIj 4iii^»ill 2 : \j.XU <juiVI 6 Lao I Mlr»j <hi (jvjlji 44 a.~ » 

Jj*-‘ 1404 jjl i L^ll IdA 3,‘° "1J * <-*_uuV I &4-A jjiaj < « . m JjUj <_> ll nT i jjOjOlLill 

>»Um1I (jl allj yi uilJIj < <gL jj j <u jjl^oi ^jjll yi <_4 UiwJI (■ Jj.iJI 

in» { j]c. lJSjIj qjJjlt (jrclaj-nj £jU Jj-oLill U mi l Joe. ij > «i^tilj < it I A lt 

CtLjijJ LJ* ‘ “* **‘j^ jl (^Uduil i, <iVl CyUk L-vl^LLfl . 4 Lai . ..M oLa^_jll jLAfl CjbJU j i_.LLili.ul 
J^l — 4^JJ < mil IJJk !jlc. SjuLollIj JajJLuJI <Jjljll oLj jjjll Lu4j iA ll 

JJL44U jAj ‘ jt-u£VfJ Jojfl ■ I <oj>JjAJI 6 4.,M l £jU JoJjJ < jjJ-oLj j j t » » “ 1 ft | | ift 

. jAVI oLajujll fc Lao V jjLio 

<^jll ^ | I | >4 ^joll < uailaioLmj^ll CiUjJ.1 ^I^Jl laouul J J*i A djLiii Lie.4 
<ou4-daLijLLI UluJIj Cuj^ll 4 4 i n l I t_> A*±kj CtLa^II jUoA Lfj jax 4 Irtftj <j| 4iCJ < n o 


-\A- 



(Y/N) jLlua *Lajl L^julcj SjuaLuLa <ajil.11 i> ftLaJil 

u* £*“ oU^>* « X jy»* *Uil LjS oU^ll <> jULi 

‘ CtP-*-"* cr* oL^lL c*l^>ll *1 a iX *uj^u « (Y,X), (Z,X) 

. J^iil £^>tJ I <ji uaijH H jl E <aJUI <*i ,j1 11* 


«tu^ < < o i a21i. «hU J4fc (ft I LjLJI OuliVl £yk Caj^k Jaaj (Y /S') ^Aj J^JtJlj 

> J I jLxLul *la*jl J^ki JiLaxt oUUaVI ^ yj E j gOl 4->.~t I . ..it.it. 



z 


j L y»ll *taJl fj* L»ji jm*2j (fjlj** ^ ^ LLZLJU ola^ll J-* jlkS : (Y/\) fij J£i 




-tt* <A*iV) <«>. : (r/N) flJ J£ji 

^k^JI ok < J ... jU I VA . ^ ^1 oL^>tl t> jlki s^aU; Jjllu Ikj 

1 / tHo* n' > n < n’, n LujUu^l J^U., c& J—Ull 

<Y-Z <*>1^1 y J*-aLill ^JL}3« Jjio ^bui <^>11 ^1 (T/N) ^ JO.tl 

^ J a> LJI <kli die jtixxJI \ 1 a LjJLuJI <Ui ja O oLSIj^YI 

yi 4*^S y>fc ^| J L«^l J ; LUL^I^Vl^ 4 Xj^ 

. X - Y ^gj lmi l j4j JajjLuJI 


5j-*Ulj JL^_i-ill ia^ill j|| _^_ A , ~1 1 u _b J- 

<jl u& ‘ J— uil c-b-JI ak <LaLmJI S.ulH ^ 4 > ...\< S j ,..<-1 1 2 Z u . -H 

L ^ i ~ ‘ “ ‘ * • LJL ^ 1 a&i L-jk. : ^Vl <JLJI : LJU Jl^, JjLli 

: <JUIj 4 tfjk-ll li*J Ljl>* ojujl. ^^*£11 <4^U , L^JI iS S^ 

. Jo^LJI L^jaC v_>LL£LuiVI (fjLut* (jjZi L> v»* 


cr 1 ^ u^ 1 oVjLAil jbLLiil t>« Fresnel J:> »^>JI ^JUll 
aA ^ J^LJI CfGILJI<-L iLJI Lj^ll JJ <^t| o^ 

<bU<Jc uidljfjLjJLuJI iSJ ^A LiLsv... LiLJI^Lulll 

. jLuliVlj JajLaJI 


-X.- 



. CjuJLJI *LXL-JI <^jll JUu-1 Jl <a^ll ^ (Vju <^| allaSj 

• i5J ‘ V 1 ^ 1 114 V 1 ^cr*^<—*Vlk^u<JUJ^Lll^1 LiV l^j 
5o*UJ ja^Sil u£? <A»« JJU 1^2*JI ait <i...K«,WI J^Lii h.iTC l 

lyL-JI (SS^J U-* csjl— yj <iuiVl ^piU. y Cuol jJk 1>.<*\U 3/ u .^H 

. <Jt 

‘ n = n<n=l £-*Aj ^ <j 2VI <3>Ulf l| >U«1 c ^ 4 > <uJI Lja-ll alt R ..KV. yij 

. ol^+If^a ^Ja*JL .ktaJU k-M^jJI (jl£ lal 

K= -V =(— ) 2 

Ef n + 1 

• Vfl>^ cr^ <ls^LJIj<i-ui*itl <ajJU 4 ju * ClJIaj Eo, Ej. 

trAi ‘ ^• L * JI VUll t> t/Ul Jl> otfalx* <> 1+S(li4il <*1*11 <JbUI *aa 

<> ‘-A^ J >* * !>*-. t*jL^ -kyk-ll Ojlj (jjS; Lalt J1UI t^s.-H 

. R = 4% ^k*: <LLJI <5yUII yi n = 1.50 ^Ujll Jk JjU 

: gk** iliA (juiluVI 

.i^lU la] ^atA £-k— ^Jt 4 $ 4 >a*JI kjiLJI <11^. y Fresnel <laU* Jk» 

« <laL*II n Jjl*il jLu^ll J«l*_. n = n (1 - ik) j LXv /l JJ., 
: <laUil 4-ik*i kiLJI £l*uill ^1 oul^ill ^UkJI <*« c& '.■■■~ l l ‘ 

. ^ «-* *»■■■* H 
n+1 ^ * 

^ _ n (1-ik) - 1 n-l-ink 

Eo Eo n (1-ik) + 1 " n + 1-ink 

• c^“ / * l>*) a"^^l kt jL>kJI Jjiii ijjlj yj 0 

: tJ lc. <1jU 1I jk jj 



X 




E. 


(n-1) - ink 
(n+1) - ink 


(n+1) + ink 
(n+1) + ink 


(n 2 -l) - ink (n + 1) + ink (n-1) + n 2 k 2 
(n+1) 2 + n^k 2 

(n 2 -l) + n 2 k 2 _ 2 ink 

(n+1) 2 + n 2 k 2 (n+1) 2 + n 2 k 2 


= V A 2 + B 2 e i6 =V A 2 + B 2 e itan 


tan 0 


R = A 2 + B 2 a&j 

(n -l) 2 + n 2 k 2 
(n+1) 2 + n 2 k 2 

B _ 2 nk 

A 1-n 2 - n 2 k 2 


j mil jit JLd> III / # (jkilSjUiV I jit jjJoil J i ( J <ljl—all 6X4 

JajjJu (JjkJJU ‘,‘1^* 1 Oli < jul£juV I Jif I j y la jl lij-^l I jli ■ 

. ^KtiVI jit < >1« 11 I Jill i_>JJ^j jliill jit V»i Al I JiJjill i_)X4 j^ic 

Diffraction of Light : jxAiI <*u£.Vl Jjxt*. — 1 /N 

4jXah £jLkL Jut. ^11 J +~*_‘ Uilj CU < <^Ii Jilfiki ^aj l*jit 

< jj.m.vifll (JJill <iki* jMiVij #j*oil jjl Ja*i SjL*aj t <aaja!I 

jl ■ 4 ^.J_tj SjLJI <—»lj ->-ll jit »J ■ All » Uai l 5 jJkUo ^ Aii **uj 

, «OuiVl Jjja. SjJkUaJ iJIjaJI 6 J 4 J 6 ><y » Jit *• u xa 

: jl| <A(J| All <UmVI f 1 uA»J J 

'^uall jj-uoJJ jjSL* <aij Fraunhofer diffraction : j^ilji -I 
* « « ■ I ^-**11 (j-« ijaJU Cl Li L l lt6 ^Jc. I £ >4_J-AI I f ^jjiSLu ^ jjl (JjLaJlj 



iaJLill 6*L^V jA^I <> Zj+l* <JuiVl <> <_*>> J^ii , ^J| |^ 

. c&j&M SjjLJIj SjiLjJI <*oiVl 

JiLJI jl jj^II «jij : Fresnel diffraction 

• £y» t.U-, > <iL*LA ^Jt j] 

. <a^Ii jA>4^Ij^ *0^ ^j>AJ 

Fraunhofer diffraction pattern using a rectangular slit: 

^ J>-^U ^j_^) flkHI (t/\) 

: JLuVI t+fuvt ^ill CjL^>II <Laa*o J-aaj lifcA . ^IOaJLu<L 

a i el<t>1 > a 2 el<i>2 . a 3 e^ 3 , a 4 e 1<1)4 . 

ox t* <^! "bib t ' "'- a l « f—ji Ijjk jjJI Jb-u^ii 

^ aA* oU^ll <*i, JLZ ot«*2. ^ ^ < ^Vl JUJ (o/\)f2j 

‘ a* <*— giUI polygon ^LaIJ J^.MI <J JX-, m i 

• ‘bib ox »U^b<l «^U (^uSjj^aaJtl <(> <jjljll 
i& jl^UI J>* Lffi <LuLy il±* oL^ll ^ <&)-*■-*■ o c-a*> <JLa. ^ 

<> ^1 J \<> jlj-«i^L <£lj Ia^ jjju^ 

4 cr^ll Ua ^ <kSi Ak. JjUl JIojj . - I.Al l jc.mi 

ox .LDI ^ <Uill 6l4 Ale la^i ^LJI Cro 5j^-UI ijjlyll JLu L*lu 

• <a^>U *lfc 

Ifl^jjLlI Jjij Ia*.j4j£ UjAej^l^ol^cJjoL^ll Lalej 

#>* <jl] ^ I.a II J£*iJI L|ai Jjjmj ^jll <a-e»L»JI <JLJI JuVt ( culaj l .t-w j■«. — 

: oP n <SJ^ c*U^I JJtj a ^ <^>11 0 ^ oil* Ijlj. (y \ fij J£o±) ijllj L.^. 

Amplitude = 2 r sin -j- =OM 
arc OM = r<j) = na = A 
r = na/<j) 


-rr- 




ILaJi ji tJ k. J>u*aJt f tViai l (^/^) fjj 



lj^ L*jjc .j (juii Lfl ola^l <Lfc>*A« . ^. LA l.1 

CuljJ l^a. j| Ah« j^UI 

: OuJ f ^ I • -~~»- * <LlVI <JjUII j]aJ4j 
0 

na sin -r- 

The amplitude of resultant = OM = 2 r sin <j>/2 =---- 

<t> 

2 


d sin 0 yjj jj-* jl ^ t lu jL jUull (jl (V/\) <> 


27C 


.♦. The amplitude of resultant = 


d sin 0 ^ 1 jiuua ^yk J>lal I J_>i Jlili JJajj 


A sin 


n 

IT 


d sin 0 


d sin 0 


0 sin^ a , k , . _ 

The intensity I = A z - t— , where a = -r- d sm 0 

or K 


-Xi- 


1. When 0 = 0 a = 0 
sin a 


limit 

a —»o a 


I 

(X —) O 


= 1 


= A 2 = L 


2. When a = m x, where m = ±1, ±2, ±3, 
.*. I = zero 

3. When a = 4f- 


I =A 2 .£”1“ =-4rA 2 




9ic ,< 


I = 


1 A 2 


22.2 

4. When a = 5 TC /2 

I = (4/ 25 ft 2 ) A 2 = —A2 

5. When a = H /2, the intensity I = Iq 
I n =-4r- A 2 = 0.405 A 2 

7t Z 

I D = 0.405 I c 

. < ljlr>1i< no <Vli gjlill (A/N) 

d 




gjUl (A/N) fAj 

21.L". .... 2-.~« 


^ jLuil (V/\) fJj jsLi 

. S J^Lo 21. L*.... 2 -.*» 




^4^ Jji yjfi- L 2:^1 ^^Unit LL 4 JI ^JC 

UU* Jil jj^j: ^Slf <JLJI ^ < (y\) fi> JiAll ^ US 

*jj-I 4>ia. ^ *1* . L^fl K * ir Jfe Jw^aJI r^j ,^jjjLaJi » {* > ... r 

j>*-“ tr^- J>*asJIj JfLa^JI ^jJc- Sjjlif ^Jlj jL*« ^ Just resolution JjiajJJ 

Rayleigh’s criterion for resolution ai.-a*.. 



u>— J* cb—JbJfUUI <> SjJllt ^Ij jU, y^. 1 ) JLis^Jt SjjS *JU : (V') fij J£*i 

Absorption and Scattering : oldollj u ^ l.^w i _ 0 /\ 

At l .| 1j < » <jU < tfjLi jauty (j) JiL®. < j n t jU l i .<ijj4<Lll Cila^ll JSr.t 1 >V„. 

: <uVI <JjUII , olJtillj^LualAVL 

I = I. e-^ 


JiU. ol*>tl *1* l |1.Ui ^1 <iLuil ^ r«tjSlaiiVI oU^tl SxJi ^ L ^ 
. ULuU *_<>li 4 oL®^ attenuation coefficient I J.U* jji p -1 _ 0 ti 


J^lj^huiJI l^^IrfcUtl^. Lu.IJSoU^llS^ a^^l^c^Aj 
iS^l \* ^ M * * -' U f ‘ k Jjidl jjJ LL J^ta» mAVI J^Lu* jjJLii . L..^H 


! <aU 1 ut ‘***1 » 


^ a absorption + a Rayleigh scattering + a Mie scattering 

<^1 jUjVI CjI j oU j . M^t l Aj^iJ 4 aul t kilJLskjj A, ^ £_• .-." ,*.1 ■ _■■ ..Iv^ j 

ol-i- 3 LfiU j-A^Vl jUuVI 0 1 a C.1.4JM I? H L»1. Lu^JC . j.aII ^^>tl J^LII 



jLu&l tiK^^oLaa^uaJI jJCu jjjlLj ^all , Mie Scattering 

. <a^4 J 3 I 0 J < Ci*LfrJ I *bjljj 

: Scattering of Light 


tr^l Lfcuil jLl^. {J L. L^j-ojJI LlxuVI yLi. « Jjji *fJlxll 

Lfj| jLjIc. 1 jjifcj ^^lll i Cilxjjxll ^lofil ^i j -AJ | Jiljoll £I^flJI j A~rt 

f 

0 “** Ji-ku . <*>*-^11 <*Lxj j| <j-i J l i t m 4 ^jJI Jail!I ^ A 

(X* ^ l '»" > * 4j-?0 U^i « tjaiLa-ill ^ Ly LtiU lull L-uy yi i_Xj_>kJI 

yr■*-•>* Cu-»i3 6 Aaj < f la^JI JaJxHI itoL^J Ljikll *ilii £_• JiliV 


<*‘ Jt <«!■■ | >I« inJ 


^La^ll <kbulju «jaaJI cbla.* .Aj " Kao & Hockman " (N VH) 

C>* ^^3 * iaLJI i j n i L i. n l <l.i.aL a, <jj_urx.JI wJLJVI ^ ■* • jv t A. t. ,.t | 

LuiLujI ^Ijll jlill JOaJLy . <jjlxll oUjj] L^j.-r. -^j SjUl *aX yi 
* Jil aii Jax* k-ulj-iJI -k • « lax jj< irf* *jlaJL^j ^Ij o~> .t."> 

dB/Km (decibel per kilometer) ^ / Jx^j Y. SjaS J\ U «.a ! l. a J ^ 
J>xiU aaJI j xIxj ^jxoll Jxljill JujukXuJU LtxLxjJI i> j ---. ■I I uiL5U 

> tli^L cili Lal JamIjJI ijA attA-ti ,A*i 

<±y^i ciLJi ^ii<rti yi Coming Glass ^ (\V/.) fU 

/ Jx^a Y. Jil »jlaL* ail olj Single mode Jljjll Lalxl 

ciLJV dl^j i f£ / J jmj j t *jl«u- 4 j Jil aii ^Ij Jjx^ll qc. (^Itl (N WY) <1 uj 

• ( ’t ^ j l uJ I {y* ^ j'lin t t_J C>l j Jljlll S Jxlfc Lj-l^j 

(Sj *> ^ » olj c» j.ia i eiLJi yi ( \v -jiLiL jj 

/ J***** j •, \+ •, t V *jlai^j ^a* aii Jil jylj LUil JJi (OH) Jam^jjjlu 
J ljiii ^I. L l l .wlij . (^Ij o~ > > y ») SjLJI ^loll axil I lui Ijl^ <jj>i c^i ^ 
Jl^^itl LjLs &1 t-iUV J -> i u / J >i uj a •, Y yij axil I jlai-* {JL*\ J>lsi La^* 

. \ , o o — A. aic. 



Scattering of light by small particles : ijjjLJI oLt^L o ULS 

SjULI jl * iliA ku(j iji <illc ijjJLum C» Ui) i i i ^ *jmJI CihtiJ 

K j d il i .*.11 d > rJI d .1.-~.il jljlLj ■** 4 * til Lit .*>“><I Jji SjAUall tji C i* *l i I Jj»j < 

• J^jl* £*^3^ (oljtillj JjIjjuJI 


<illc. C«l«iuiai ciLLui lnii(jLbtl j*| |uui I ill 

■»•* ■**« g j.A] I jjlj < I^J 1«‘ jtu^ill (J^Iaa jt * . l i *I jLiill JaIm < 

jjji .»*.**11 ^boll jli < fj^ AJJJU-* ■*■! » *■ 4JJI Cul^ Ijjj < otilAiVI gJ l l^ (^1 


jftSLuJI «j -All *L=kJIf ^Jc Uytf ^ <alil jj Ci ijuau < Luljiujl Uaiuiu 


g j. a! | jjlj i Luljluil I .. a kiLuJI ^IamII (jli lj|j < itxilj 

jJal 4 d #*j ... ■ ■».» .* 11 «j ■ 1 4J_<ui JjjSj < 4 ^11 X “t il I j-ft iLaJVI 


. I| ^ £-* Lj^L omliT^ « CiLuuaII 


P ^jll ilaaVI Ci*uUI I fjtiJI S J.i *J jk»4 <LuVI HjUlIj 

, ■ .Ltt*t...tl j4C. klLJI ^UuJI 

(D'-D) 2 2 n\ mJC y2 

I = I 0 “- T— (1 + cos z P)-—- 

D 2 \4j2 

Optical densities <_u>uA]l 1 *a D, D'. iaSLJI ijui yj I. *1^ 

< jJk V < -<La^< Jjia jjJI X < pt >_nn-jJI JJc. ijJk IT1 t <jlM jjmLI ku^lj o UimaJ 

. jyiiLill <LSI jjil ybuwall Ija (j* <iLJll ( jJk r < XujaAII Uu^U cUmII 

4U^VI 4I.K in ( jJk J^jJLmJI 4L^JI ^A SJ-*i jjl <tjL*J.I 4JA 

»jjjl <Ul1 cilitb <UIS£1I ciIjau jl ci till s 


\jm iuA ja1\ oLaLsJVI yi SLLilf <L >\>UI buiSU jJj+JI JAIjSII Ji* 

Brownian JL^jlj_JI <£j-aJI * <it511l yi oLiSi 4 y*j yi -kj-aJL* jjIj JiU« 

j^jS L 4 J j ~*~ *"1 6 \j~\j * 1*^11 yi ciljji ill 4 JA jl JjL J I yi 4 jo* l iJ I oIauiaJI 

. Compressibility JiluJI ItUU.Ail £-* Ljjia v^mtlu ^Sll <ilS£JI oljJu 



Depolarization of scatterd light: oliill ■ 

oiJi-SLUSaU-CL4. otjUit i .Lil y U ^ 

depolarization v IUl^^ ji. ^ 

^ u*m anisotropic ^Ifll cUU^U V-X 

. .^iir out ^tdi uti. ouu ^ 

jUJi ,> Jii f j ^ i .,. 1 1 .>-111<^11 JI>UV| ^ L»aic , tf u .ciJS >..- -U 

al «“ U ‘• 1Ul ® l*M» jUlljolialU. Cifitil mij said! -I-...... . 


• oLisll J-U* ^Lu (Pratt, 1969) 
°Mie scattering = O-Wv) (X c /0.55)-°- 585 '' 1/3 
where ct ms is per kilometer 


v is the visual range in kilometers 
3L • 

e is the wavelength in microns. 


Dispersion : |-y \ 

^ jLXI sjLj j--sl ^ ^ ^ ^, Cauchy ^ >(jK 

j>ill E^l ail. (\AH) r U ell* f^LUl 
.>-111 ^1J^ll f n x 5j UI 

: <uVI ^bUi) Uu3 

n^ = A + B / x 2 + C / x 4 

JUU ^ f n X M» Cft-Sf c, B, A U.U1I .i* y ^ 


. <ilL£)l 



l** anomalous dispersion ^/dl J jLill . ;l.^i ^ ^ 

o^L-al*l SjL jL*£il J-L- Ji Jii, u ^ l .-•: w i 




selective absorption lul£Ul 


U>tLLl aa^V . * *> ... ani l J>i <iuiVl <ikl* absorption bands ^Lai.VI 


^lill ^ L.U, <IL JjVl ^< L^IUI j±± c^/dl £>511 cju ^Ui 

julvi ^x. ^ fS <ka^aij L-ijjji jl c^rai j>iii <jl ^, 


. 4>lull 11* ^a-uujV 

JI^VI <JL dl^.^^ill jjisll JL; <JjL. "Sellmeier" -r.-.- i ^ 

. t^Lal.VI ^aiL ^Jt LL: <iUA (4! <wJL SjUI ^1 

n^ = l + _2^_ 

/ X 2 -X 2 m 

J>^ll cT 4 X < ^a^ll J>kll SjUI jLu^il JaLua yj n^ 

. SjUI jLL Ley jail, jbu ^ d , ^^ 1*11 <JLL 


Material dispersion : SjLII ,^-JI J>i2lf 

^^1 6 1 L^ill , j^| 5j u jL^ji J*u, ^ us I^n ^ 

L>~Jl5j^l^J>u;Li^oL^ Sac^^l 

cUl jL^il J-L- If] 0>LVI L^ll JI^Vlj. J&±1\ Ju.1 JX\ & j L oliud l 
(jri Oi-i^LLiUI af>U <+■>... 1 tfjJI J>LlU4 jaSLlll fjji y,« 4aJJ , JULIll 

Material or wavelength L^l JI^SU ^^ L^jj ^yvi 

.dispersion 


<> model dispersion ^Jlyil j^UI ^ vrj J 

. Aji t .i tJ I JaIj <*_l*iSU <a£L. CiljLu*.* £g) JjjL* 
Lfia &*->!> J*»Lum CL-ai.lu.IL Ijl jljil <uxm3 ^jll 

<JL. ^ « oAW 1 SjL. LLL i^kl ji L^LI JI^Vl <1^ JaSljui 


-r.- 



c.1 j \ja LiljuS jXm ai ^Ij injection laser ^Ul jjJ 

light emitting diodes ,^l ^L5 <> jjL-JI .^1 ^ ^LE Uait o^b 

LlljJijXuaS^ilb 

ia^<d>^H ciLJVl <1U lukt la* U^J* alj-dl 

aib ^ ■ Jb“ > *>**«> e^llll i/\ ^MjiU £>£11 1+jJ fjiuLAj jA\j . JbHI 

<1U ili*i< jja^ Lf ^y» JbL ait IJ i2L i abll wj ^alf JiyJJI Ji a*, 

J>illl i ^LL i Fused silica £J.^1 ^ <* 1^1 s^.-.ii ^LJVi 

J>AJI *aL*j« Cxl£±* \, TV = X ait 


. <i£la»ASjLiU t jibcf>^'l 

= ^ ait yV* 1 (3>iS C*la Sj^^ill K 1 I....II ^ ^iU] j <~jj 

ol j L*}-*- jaL*-a_i> ^1 .1 ^ ,. .U dJ^, <^1-. \,oo = A,, >,rx 


f laii—l <ii« ji^ftll — (jJb-kJI jjiill» Li_ J ^ijub high band width <^>c 
ait lulji-. J4t *>~i <it ja—W ^all ^13 <> gilill ^ ■ -H 


uJLjVl £a COL-aj ^la^JLuii 


Light sources : 4aajxiJI jjLcJLI -V/\ 

o^UL. fcluAV «k>Lk Lfi-. S>**i^jaLua^ 

<^Ldall Ljkkll »i* 03^ J\ ^Lly. J^LJI <jjUi o_iu jAlalil 

(/* tf • ‘ tftfSah (j-idall £• y . nl l a SoJu Lfb * <LjuA 6 jLk 

tr?O^I £V oli ‘ ‘-vialI iuj ^ifl JLLjiall c.ttLII L >LAj jLlla 

4«^iVl <ikl* (ji ji <JO>ai fljAaJI CtfJ OuiVl <ikla j | 4.A.LU KL'M 

, <J^ I nl*lj| , q ^fl 

* tr* J^iaSlI ^ Sj!i^ «ua i% l«.JJ j.t l .»t Ij 

J>Lh ait^ A t -^ -l l l - U « < rt ll 0 I 43 ^JLdl !>« .Ail ola^xljJI ^..1 . 

^t.ali- jxljjJI J-L^a, oto. aitj^jJlill^L^, fa£^l «H. ,Vo 



‘ ‘'Y'YA die aifi jOAj Cd 114 , Kr 86 , Hg 198 j^f , 

• 'W'* -ilc. c<> 5 Lll 

j| ^Ldl . ki .A ll die # 

fO H “ , ?* * on., Vo * (jJL^i) ? -,1 oVV. * oW <-£jl \Clkdl 
•'**^ fOD^I 1.1V. £. VA, (Jj^i) IVoA, o t (^AL)) 
tUIxJUl ^Je fj-JL cA)—, H -I o*-~ ^L^ilO^^dL^I 

^lyaJI oUai^l *ld jaaUj «, 3 £>ll ^L*a* £* interference filter ^j.-iii 

CxS^iS * A,. 3^11 die Lfld-A uiuall* die LXdJI a dill] I j..dH 

N. ^^iSiiUlUiA^^e 
£l**JI *->>• Ld£( jljUH LUJ J t. . r>\ l( u ij_eJ| Js LJ$j. v»l o .± X <*^JU 

. diUll isA Je dUd ^d^j <**tl JL*L tf jU ai^f 6* <> d*UI 

on.,vo==Adie<iuu^^i - ^vi u ^iji k id^i^ J ^ 

J>u cffdLxi j^AiVl #>*A JJ^ Lli J44UJ« \.. ^s.^.l l KoAjjlj 

0 W* die J>yi (j| < JjljJI ^Li-ol <ifliUll -UjU-^ll <jSj , , <a^JLI 

• Y’N* jldixu ju-o-lVl LUI {jC. de^^jjluttaJi 

4 ^Lltl ^ejll 0>yi J JJM ,»_. tf dJ| ^LiJI * ^ .fc j - tr i_JL J ~ 

^ s ^ li °J ^ ‘ < J d ( xlII £Aj_* J\ ^Lill c Li^ 4 ^Ll^Vj 

‘ (MJ 1 " 1 ?^ oto. die uLUl LL j*i. <IkUI Add ^ IjlMS isA 0 |j i> ; ,L LjLL 
cr?^l J^dl * i3ft <*•>“. i‘n K Jji <*jiVl <lLl# ^juLL i>LA JA^JI jju-a^ 
*dd J^ldltloUljJ <jL_^.li_.j,lLi 4 ^l,,,-.-,) no. 4 Ho. 

uj ‘ jSjb^^ t> Sdill Jd Jjij cL^-a ^.Uh.,j <JLJI Add . lji_.Lt ! 25L-.M 
ulJJI <Jfckl. y <^ll JljJdVl L2i jjajj , Ilxu 4 flliM Jji o_Jt,Vl U ^--J ^u.jll 

*>*dd <ILa. La_$ - (j-luVl #j_4^JI |>. d 11 ...1 ^1 jLld-lli < * Ull 

cr^e <*i^d aj^l Ijd—^ ^d L li^a <l|i - ij^UI <al_>!! ijjLul. «JLIjIII 


-rr- 




t*k Jitii I^j 4 pointolite source ^ *j£j«la jyu* jc.». 

. J akl... > J-i ola i-4>L oUJLi ^ ^1 v jUJI ^ ... * l^kk <1 oa 

<*-ujVI <iki* <oiak jjl <A n^ jajlj^JI jja <iilja ol j C^ajjJLjVI gbOjLua^* ^. .t A." ,.."j 

• OaMiiiill Jj i 

^ U|. \ lt kil w> 2« dj-uk LjLJI jjL^II >■« y jj 

£ljill (ja <&Ll« ^ kii (jii #J-a*ll oU^>* j4-1hj ‘ kJ(jail IIa 

. Lial 4>i a ^u-0 u ij1 

4 <uLaJI jjl_i- 4 »II yi jfi CtfjoA* <ajjalll <-uj-<-sJI jjLukl 

~ ^ “—*jI culi L*j>L» o-iii oljjll J£ jA-uoj jj^l 3 *..<?»i <UUfc, ^LULaj 

• Jjil OI jail CtVlaJI (jAiu jjjj 4 <aala 

cJ^I Lfla ±*AaL ^1 <-a^ill jjL-J.1 jk^uuiUj 

: CiLc. ja,^. 4 > £j>Ij ^ 1 ] < J-T >i.. ttnt l (jji «Uu£.VIj* IjAaJI O^a 

O'* 4 £-fJ * *1 1 * ijlj " « hH < (j-aj (^11 (j^j ill —i 

. electrodeless yLLuV I 

^*1 > i /> « (jAj ‘ jail Cutljjl * * ■*• *■■•.*» j^all laiaUI j.t l .-«t I — 

4 atomic beam Ojjll <-*^i,Vl ^j_a. 4 hollow cathode lamps i4^a.Vl 

. isotope lamps jUUollgaaLa^j 


• i f^M tllj jalmlI jja lll —A 

LfjLii <-a.jJ jA ££LaJI oU j A-% 11 £yk <■*« >lt I O-iiVI jo <a-»u4_iSjJI jjjlll J^.(j 
ci^Ui ( ji «a»‘» ll <jij*JL <u^UJI *1a ^LCj 4 degree of monochromaticiy ^ikll 
11 ClIjJjSlI (fil <ikl (j* I LiaU I kjkil I t d \m ut l 1 m .*V | 

kill <jij-£ Ji t. a K j . kill li* « imj j^jJI <_^jJll Jjia ^^i-ikll kill 4 ~ 

*oa CJ _4kUo. monochromatic <^>II J*L ^jUI ^ik ki <> V ji UK ^JLkll 

y*‘° ‘^1 1 <jl ^ (jl 1 I a I I (j* 4 ( j_i(all Jut all ,J». <»t*ll. d 4 .^.1 -All 

• ^3^ kpj^ <ooja tAjij (jakull CiLj a^ * tiOlolf j-a ijjL^JI «Luukll kjkiil 
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• *U|>*a»* «JLJsJI ia^J ^iuull J*^\j 

Natural broadening ^i...wf 

Collision broadening ^ gStill ...wi _y 

Doppler broadening 5^Ui <> gSLII £UsVI -X 

Stark broadening _* 

Self broadening ^Ijll^L^tfl-© 
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Lasers < * 11 <| 


: -\ /t 

: u* ^l*Wb 4 i*aa*«II juLuiVI ijoi joji: jl ^ 

Light Amplification by Stimulated Emission of Radiation (LASER) 


Maiman »A-Vl jJUl ^ (N^.) 
^Vl^oL^cA^I^, f-*-LU c<>SLill £y> SjjlL jj^lLVI 

{ * Xui ‘ jiUM k ^ Vl iri *** WT J^l 

. J*lt& < *Jajj Vj jJxaH U^u *j(jj £* 


: tr* cyjidl jjjjlll ^(jil LIL^j 


• (^jUll jjjdll — \ 


• jueill ~Y 

. cOLu^ >tl »Lli jjJ —X 
• J^ljuJI jjJ —i 
• (&>^l CuJbslud la£ 

• yfl] JJ*lh 1 » l f <«i in (£«UulVI <a_uL> La,L i £y\3 

. Continuous waves (CW) j-".-- ^Ui -\ 

. Pulsed lasers oLA^-Y 

<**>511: &>LJI LfiLLlAj «I>aaJI oA* ji j>kill uLUl oi jj-JJI 

Jc. J>~~dl o£>) aij 11 a . <-! •> ...i iil l JjJ <*_^Vl ULi. . SxutJlj 
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•Hj • MASER jjx* <ILJI *xa fji u ol^ll <iki* <juJu1 

<LuxuJI <*ui>Vl <ilal > £-21 jjJ OuJul J^ic Jj-- 

u4? ^ 1 ^l iaJLu l ale. ailjj 4 ^IL^lll Y • , A 4 Y ♦ , *\ 

oils ijc t «_*iVl *JA jjMJ (jlll jjHIl £l>»1 JJ-ft-J jj.aiLuttiJI J 

■ <tjJ2UI jjL-JJ j4 ■*••« u] yj)| 


: jjall I ^l*ui ^Jfc| —X/X 

: if i i Ul #liiil -N 


it iLi 4 JJpll jl ijjiall 4 j^L a Lilli <jLc. <_il^ua <Ujak jj HI ^UJui 

l | A *ai — Jjjjjll v>l ^ja^j-mll ^Ll m> nK — <L. ulflli JI All jjLaII £yk Aojulll -j -^ll 
*^ 11 ‘^> »i « <_. L 4 u ll* i^Juja JiLi. c> ail La laj J^LII * t im \) L^lL 

‘ >^LlAi -K>ki. (£J 1 -aj j cJula <lV tf Joi. ULJr. jAj , lLU^U ,»•■. >V. 

4 oAV L*-<4jL ji-4-aVl ^ jLLL Ljk jjklll .. L t U I Sx*i La_> i£l 

• oAM 

(J* (yl* J^L-aII 0 M tSaAi l ll J^jll *jj >., k J r. (£$!»*} 4 JJjujll J^Lx^a iiLa. 

©n\ a^ju^Vl^i^4 oVV. 4 oVS. ^<^11 L^JJ^U ^^Yl 

4 i • VA ale. ... iV ill jji >‘‘ 1 oA, o ale. JjjYl 'ji 

•Aifc J^lall ^aLfc.1 djo-a ^^Je (jJJ-xo jfcl ,\-fc~n ii Lj . (nVif 1 • IV 

J>kll ia_ 4 ^j Lfl'u Li Lfi^jjjx ^jtjILO-iVl 6JLA . j .A vl ^i^u^l] oH\ 
<£•*11 y-Mit-Vl <y^>tl JjJaJI J>». <±a^-a Ji>U ^ tsjlaa £-iljlf Lfil Y] 4 ^a^tl 

. *Lujx-ci isJU jjJel ^Uei 

^mLwVI J>L>JI Jjc. oa*2jl LJ$ (£_>i.Vl <^l JIjJq^U <±>j ,a)I SjuJJI Jilj 

U <Luj iAt l » a»«l l t_i>Lc. jm j_uale <. fttUll iaa. jj) laa ^ *»« 4 oLLII L^t 

tj-M = aaj—HI x j^jll Jj—laJI t,} i>aJi 4 olaajj jl < j x >—* Jljial ^ 
LfiJJJ-® y* y* tJLla JaiJ iljlLa t-i^UJI lifl 2 > .Al.jll <Ju_u4j|j X\) = C a j .Al l 
La ^aTvi . n j 4 (ytuljjl <ioe jl (J _a aajlllj <-J>j-^eJI SxJLtl Qu 4 <LukJll 

' ^ = ^u° e oc(x> - Uo)2 tjAi o“vjL 






OC < \> JJjI Sue. SXmJI Iy < uLlUI i li^Vu jk JJjSlI fjJi Do ■**‘j* w 

, cjLlUI LL JXMJ ji*ljL 

j | h t 4-±Aj • (N/Y) Jliil (jJc. Jirt ti t jHu <jj(jdl »j Jk J?L*j Lajlcj 

£ 1 iii iVU Ly = I-^jo 12 jlc. ij ijUll ^1. x i l VI ^ o .i nj j t wjuieJI JoAi ^iuJaJI ^LiujjVI 

• OC jl»jUI (J k Hlui < uLiail Jtal jL a‘JI u ijUII 


uLkll Juk ijA u>i • uitUI iiU ojlj US ^ijUll £LuuVI Ji l >K <j| ^ualjj 

^1 JjV jj 0 _lJJI ^ JUJI 3 k jjUj lxa.(j La^a (g ^jll ^litl 

( J * J l f» H ^Lujtfl jjiill 3 « < t ( <JLa. < (jj-lla lul l <1 jjjij (jl mjjl 

3j-^li (j-* * Lilli <jLc. <l'u ^ii4<r»i LliU I ju|4j < LjJLtll jjLuoIL <ijjljLaj Ij^ nIjC.a 



> jLUI Jill ^luull ^LLII ^Lu^l : (\/T| ^ij JLii 
: 3-iVl j£ji -t 

« <*Uil ijj > i a LfA.1Ijiil ^jjlj l < Ijtj <fi IjjJSkjj ij5[j4 Cj!|j iA jjjill ^Ixu 

5j_*i £-*A,uAlV I j-fJJ « (jJj (jjSklL* <_»j-il ^ .a j i l iu.,4 injJttA. ^ < « . t VI j j mlj 

£—a 1 Ji »^f t»l ii>l i ii VI kJaJu JiuV (fl t ^^xai ^Mpll l^xajkj ^bLui kaliAlml 

VJ (|*ii\iti jJLLtV jjjlll OuJul Cija (jl IjJI ^ m jj . jjjJJI ^Ijui jSij 4 (jc oLiiII 
j* IjJ-a c_*l I 1 * • Jju j'jJf. j« tl I k Uj I ji jjjil I 3 *it I cJLij IL* I jlk < Jj>A 2 u aJajj 

fca I lrt< <JUj JAkll » !"■ ‘ “ (jiljil l^ili < <jkt£JI ^j4A)l ktiwlll Cul^j i (_>AjV I |lkui 
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- Ls^i - tfjU f^ bU j( ^ 

■ Us^rm ^ ^ 

tt| < * dt<ljUl ‘ i *- 4Vl ,L ^' J i*n» ti_* i^iVi eijjsi ^ 

J * L M <*—*».AUI,<> ■A-A.1J ■. - Ij~)t <*2 UW cOU^IU 

^ ^*" *W «-u. - u* us -, J b ^ 

S^JIo^Uaill J-ul (^lil ai. jjJlllMil I*^ c< *(,Jjj,, 

' ^ , !jiaiJ| ^ 
MiWI tfjli,,> U»Ji u^ jl. u*:- jjj,, ^ 

'■^ .^. a«iil Jja ^ In ilUII Sjiilj, U^tb 

nm: ^ V( W( j AV) ^ 

Oljail* L^JSb.i^JcJSUIL^ Ja^Jtl JljM, tlA i3ll ~i j , k J, ^ 

. 6*i« UJ. JyUi ^ JW ,i ^ <^| JW>V I .I43 ■ jlfjJf Ji.lj <^U. 

: *UaiVl «iL.U^ laljS -V 

* J-uai j lai^i v-u ^ ^ ^ ^ ^ i _ uj| 

° ,ji5jBi * >*-» %Wi a* <~svi 6 i ^ ^. t uai <ya, a ^, 

^ ^ « 5 " ° VUiVI *" CtfU,. oOBl JU 5j ull uu. ly^i. .^ 

<a<>“ <»-K .JjaJI ijaJl J^ti Jjil . olo^ill C&jSL. l*it iuui, Jjlill 

.0X1.4^11 

ULubl .a. air. 

^ ■ ^Ul jal-ll «UjSU Jkfll <~ii & ^ui Jtfil lia 

^ ^ jjL - 1 ' «MJU 6. U1U. ol^4 4aUI u^Vl ^ 
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,J e»* jjjji 

l^JU cwli JUj jjiijl oijii oi^vi .iA caitsl f jl ci dsa. ^, c; - .1 

. _>jL» ll tr *-J-.ULUIjil ; lj3ili;jAUi tr »»i«, jSVIsjjjji i .1-^ c; --- 

: jjuaJi L>kj ^ui -r/r 

r U •cjljLi.l, fJUJI Jl £** (SJi <^1 ^uXl^i J-Vl 

^ ^, li ^ ^ ^ ^ L. 

t^Yb5j5>tl<^iVl at yljrtl j-UJl , ^_,UaiLj.— 

t U^yiviL^. 1 I,> J*u, oijiji,> >.. .-.t f 

AUjvi^j^i^u^yb.tauiiy^ijAUJifcj^.^ 

CjuoLBUJI ctXjjjll jUj-AI ,> ^ ^ 

. ^>«giuoii>yij uU j jumi 

JUUL l+J* JL.L tf I <^ ijtSl ijuJjf j 0 |^ 6 | 

Ji-^bA 5(^11 ii^Ji^oljl^JSjjjll oLUh^JVI^LmI^1^. 2 . .^V< 
jXa^xaj *jiil Oj-jif L* IjJj. SjUJX-uljJI ULLJI UjJuaJL^aU. a! >U a, ,-,1^ tClVl 
JM cOH^li C&J jl 4^1 SjAj Sj-ill khk CJU f dLaj 4i,ni oyCU LIU. , 

Sjoll <J$II ttUJI Ocilj a Sfjill <> sxj) oljlx. Jl ol^ll >£ aii . <JU 

a 1 ! tJ+Jl Jl 0^ JJll uLi l**J* SjLJI *i* oil* . Jet . >u -^ J| 
CxA* ijM 4ii3 Ju 11A{3*.iL^j SjLi diu <^ijVl 

* ^>UI LLJa Sjdll <JLL (^^-Ala jjill idujUl JJ Ji dd^j t Jj_^i ^ ji 

: * 

E 2 “ Ei 

u = -£- 1 

h 

* ‘^ c * l5 ‘ h^ALUi^ J^Vlj^jlUl jj^jJI J5lLE 1 ,E 2 iu afc 
old^* <1 jUIL i^dll <L-L~i Sd*j ^ A C^i oJLH^i olj^ UUJI ^(JCj 
**>* <bl>* aie »UI o=Jj ^1^ 4.I...X, Jll XLSLUII jjk jxJti isLLJI 
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<LiLLit (jl « o4>j . x V« ^gjt mi t 

c*ljjJLI oVIiliVI * jj» CjuiU 6ia^j < JoJLi c4>* N ♦ j-* l^'Mj VI ^ 

<ulj4MC. <ij>JckJ tfi ( j> U oljAil ^lifcll 4 >asJI IdA iLJau la£ Ja. 1j JJjl <1 

inLuaVI jjLa* Jja CUjjjJ JaJjail jjlL ^jUI«.J-ucJI diLujjl 2 ^ .V.Hj . 

C*fjOll <>aAJ >•£. ^2 (jlj Luij . (j.jaiH jl JajjJI jl ^43*^11 p ula'l l 

. <SLUI fj* <ia * v-jjauIII Sjlill 


•LuljlL^jll 

Jlrt 1*11 

A “\. x*\,o 


A- \.x\, 0 


°~\ « X \ 

dijll 

V \.xY 

^JAAjdll 

V_ \.X\,9 



<iUlA ££*-• ^SU« *~c v »» «t SjL-a ji Aic 5jj J£I <j| (\/Y^ ^ 2 j ^L-ull JjJaJI ^iAIj 
t^oii oljj ijli] (JA (jl£ U 3 . ^LltJI 4 >AaJI hSJU L*j_oX. <_AaJi 

Ijjj • *jLll A 3 .ll I 3 a ■! ^ OIL ‘ tj“‘‘‘* J^l t-A < 4 ftl LIt a.it ■>. » 1 it ..iI‘il j ■ j»*«I I 

•1®3^1J Ibw ii T i Cli Sjlia cJljU oljjll Ifji tjjSLi jjlll <j*i />jl I 6Ijlill I ‘‘j|~*‘ I 

<1 (jjSL» jjAkjt-Ai ji i n a 0A < i « tin oLjjjjj 2jjll ^a. Ai t^ili^jiJSVl oUJI 1 tj *“**■* ^Jl 

tia ixlu a* Laj| < LmI j amC ( jj liV Ij^JtJ < LuUJti Sjjll Lf Altai ^jjJI <2lLll fjuij 

*JJk . ^ J-ua il f&l f 1 *1 1 illa l 4 (jl oLjj^aII Jojljxa «j ^ jlf^JI *CuulU Cilijl^ill liljUj < 

d)U Jaa^II oljj £i3j1 ^ij ijLiVI yiili« CsULul »^llll 1 iiI #jJI Jjij 

. <5LLII vjjAnll. 
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4J ^ oljili ^ ^ j. y ^ 

i/IJ ^j-*J •■j.L* • (Ej) JJt iiU. , rU ^i, |y oljiii jj^ ^ jjj (gj) ijju. jjU, 
Ni<> Jii ujS* N 2 ju (N[). (n 2 ) cjijju \. r auji j >djjii ** 
.1* . cljjll Jix j! UUJI w^L. J| 3 U1S (#! r Ej jjii 1*2 *iLS lil 

Mj « ok£l* »^JUil <2^UII 

(N 2 /N 1 ) = e® 2 ' E,)/Kr (2.1) 

^ oijili jax. Lu n 2 , Nj, uuai y.jj T, uUiH* 

• ^2 » ^1 ala Jdsj 

: £/Y 

: l> J±^ CjIjoJI <£JA3^» £uuilJ 


^ju^Ia (> ^lll oljjll a ax. ^4 <Ii*£ , ^iliiUI >.l. ,‘.y| ^ . J^Vl 

. J>lai jl jj-aXI 5o*iu Lu jjVj , E| ^Jl E 2 <SUJI 

iJuM £»* OXii c u ^ l VH j , i*aJLi-Jll ti»UaWI jJk : ^ilUl 
. tr^jUJI J±*dl <*M ^ ^I i. a i £,U_^U ^UxiVI JL iia> & all 

( v ) . ut i iLjuolVIj (1) ^ULtUI iL*_uV I oUkx (Y/Y) fij JL&H j 


r*J ^ox-UI «> ^UHJI <>jll jiiiiyi JLia.1 J!Lu A 21 : ^ 

= Ittff ^ uilitll A>^J( *VUull aac J tf 1 \ ^ ^H| ^jj Y 


N 2 a 21 

* W t,,l l ( f y«.Uli culj5 B 12 , B 21 Ji jLatl^ 

JXC oLi Jjj3 J^. ^Uaiyi <ili£ cul£ faLi. oul^ u ~ l 

N 2 B 21 u u = do^luJll Abu^U Ji^lJloVliliyi 

Nj Bj 2 U v = JLltiJI ^ (^L-alaVI) Jc] CiVUliyi JJfcJ 
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N2 Nj B12 E? 




n 2 b 21 


N 2 A 2 i 

&LuiVI oLLc (\/\) (JjJLi 


ul&; d&yi yj ■ Cg l « &l »1 o^L*U-w Bj2> ^2b ^21 
: V ^' ** * ^ £>* ^***^ ^JfcVl ^11 JSVl t_^Milll £y* CtljjJI Jl£ul 

N 2 A 21 + N 2 B 2 iU 1) =N 1 B 1 2U 1) (2.1) 

u v =N 2 A 21 / (NjB 12 -N 2 B 21 ) 

_ A 2 i 1 

B 2l/N l B 12 \ 

iN 2 B 2 r J 

hv = E 2 -E 1 4 ^,Nj =N 2 e hlj/KT (; ,l.j^. ( ^U^. l jS( } 

u =^21_ 1 

* B 21 |5i2 e ln>/KT jj (2.3) 

D JJj4 (£j ^luiVI <il3£l «iU^U (jjjli 
8 rchv 3 1 


C 3 (e hu/KT - l) 


: CjCLultl c^UUI cjUjjVI quS^Ull ^^Jc, 


A 2 i=^ L B 21 

c 


B 2 i - B 21 
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AU^SVI J.U- C& <jlj 3 l oljj ?f>Aa 4 j « dij ^Jt 

1 N 2 B 21 u 1) : (J-* ^litll iUpVl j4 !uaJLUI 

| e hi)/KT jJ N 2 A 21 ( 2 * 7 ) 

Ju-uull Ji \ • = T SjljaJI Lui <j&LJf 6 jjk 

£^<JUIId,U^iVI IIa^IZUj, <jjUIS,LuiVI JUJI^a 111. L.UJI 

<£1 < JmIjS- jja ^ jjUJI ^ilifcll «i<l*alVI oji V*L>^ oVUlil ; ?J r, UjSj US 
-U 3 . ^JUlf t ^UxiVI j^o£*i 

Cf*~^ vMj e>°t-4AX>VI JjLA^j dtaUduJ ll ^Uu&V( Jjju» qu JjaII jJk j>*Ul 
I jj u-Uol^VI Jo-. <> j^i ^ .i^LUJtl iLupV I Jjjl* ql oLSI c£~) . ^l^l 
<> N 1 t> j£l E 2 ^kVl <ilkll ^ N 2 oljjll jjt ^ISU 

Ilk . Ej ^ijVlUUJI 
• jjfHI 

csjjf ^ 1 cMI -k^ jl i/i 
E 2 >E l’ N 2 >N i 


^U.VIj ? tfjfja. jljSl yi oljjll oLja^- 4 ^ LytJI Ilk ( 31 U 1 ; J* : jj Jgj-.-Hj 

• <jjjl2l I.StU 

vlU; <*1 < <iuuyi jjJII ^Lui Jc. 0^1 dill 

(/* oljjll aac jlajfi < <2lUI tAU-ulU qu oljjll Jdx. >j >-^ 

. JUailUf <iLLJI ^u^L. oljjll jjfc «> iJUfl <i(JJ| 

jll iv-u^jll 11* >■ kl+ai <j1 Ul.. <4j j>il—LI L j . A Lqll <JbL_*JI ^ 

L^jj t^uJ «j? tf t< LJL« Cjlj_a. Iajj jL Ej < E 2 q| qj_A. « Nj < N2 <iJ 

. <LIUi Ljki <JjUil T SjlqaJI 

k/U ^lo^VI <xu%j k GxJu cju LbUJI UUL lou^ll kjlj^L ^LjLaill j ..^ 

: a t? *^SII J^U^jL^II ixjLuIlJjJa,. 




( 2 . 8 ) 


I'D - ^0,1) ® 

*dA i «LjJLuj t's Ot < tjLi tfjLt Ja»u<j JJ-* £la_iill JJJ-+ dlcj 

^jll Jauu^ll <JLa. Ll i 4 Kttl *auI iaau tjLuM J^J« SjLyj ^Luiil ij—u -ha «A l 

Sxui jjli l^fij « Ai^li (X ijli oljjJJ »*i i • " > _ > 

■ ** 1 y{U*u£lfc djolj-a £jU iaju^jll . Jauu^jll J[>ia| IjLuuui jLuu t *K 

jljjjt lui < jjxlll l^nttc. y) 1 U*tt 4 ntt ^ij i a i ti V I *Xu oljll jLuil 

■ IjlI O'-* ^ia <*11 <la>y (J£ a IjiI dilill ^Jc. )_>i iXlI l^u 

: 11*» < *jc. jij Jadll* oIjjil jilS L uiVI (jn£buIL |>> * u Jo—nj fjic- <_J _yi l(j 
. ^aJoJI I jjd ^uall — N 

. [jflill Qt a.j>VI jjd kLijla. : oLijjj^JVL SjliVI —X 

• CL)fj — S)^ ij* iijUk. jAj : Oily dll jfcjLuaj —T 

. ^Laj^JI jjj^ia jjjJ £jjLk jJ^j : <LuLxjS cOl ft liS —l 

yi < iylSI <1L* cSJa Sjj jl ^ £\>dl u* JtUjll oj£* j) 

ju > »iioLlt , )-A Js-L. ft 1 11 ^ jjjjiil t a j^l l jy-d-UI 

. Iju £id~* t j-a jhfi dicj < H 2 + F 2 = 2 HF SjtUI 

Population inversion : oljUl U a< l. » jll — o/T 

0 IjjJI (jKiJ (j«^l » >11 yit Jj ‘^ i ^1 1 j^LuiVl LLa Jjl Vu 

» (*<<m LS j ail I Ja.ftlJ ^jJaoll ^-U-Vl JjLH due. UySj tjl Ju-uj dJUj . oUall <_ ij <«ll» 

<1 la t*\j t (jljSl u* Jo-u^ ^Udl <- >J < J >0 oljdJI £ £JJ * Jda^J ^jdll « jjLftjlJjj 

JcVI <2(Jail «_^uula ^jk oljdll JOC jj^I ^jVl <SUcJI « ^u4« ^ oljdll JdC OJ&£ 

■ “ ■■■!** oljjll ‘ “| yi ju^Uji ijiitiij yi(j • (jjJdaJI QjJ ^ 1 »«» t ll 1 )v »La! 1 JJajj < 
JJJj 1 t t| i Li,| jH ■ ■. — **■ <_iQa ^ Jj^la yC olydll 6yL»| ■ Jlail dtj yU ^jUalJ 

ljj^« N u jjltVl ^j ImJL I ,yi oljjll Jdt ScUjj yjjjVl yi oljdll ddc. 

• olyjJI y^K 1 «VI yi^bulL >1 a 


—£ l— 




<SUJI < i*l 1 > Ciljjll £-}jjJ 4 jLc j fjj jj ^xaIL <Ja*JI 4 XA ^ • -i~j 

’ l 3 ^** ky(JU*jll ^jj l A 

i^ub ^ <XN^°0 f 1 -*« Townest^lj^Vl ^JLaII ^ LuLjjLb 

<a*£| <1* *-f j'n jjftl LujuVI oll^a. <L<i(ji^jllnVI ^uSkilaJllf 

(jljjJ jj-* <2lUI utollt ^Jc <u,'m L^tVl o llij^ Cul£ Hj • f-*-u \ , 16 Jb^ 
^jVl uo- m uII OL^jj *-<>ju* 11I ji oLlj>aJI ->~ > JuLi « 

(j^“| <_T* (J-I*. Jb^Aail fj tilljd^j I Jrf. (jJjlSk JLau* <lax«b> 

(jt <ju£IaIII ^Jc J j ' ■ <■» -k ){ If* ^4 ^jlll *LLjJqJI 4 JJI <j£J « <iltaJI ■ £ju 

OVl S1 >VI ,jj £.Lau* 1 | Ij jlul I ^.i >lll oLLj_aJI JJx. J} 4 jJa 

: ^C&IaJL Jojjji Nj^, Ny oljjll jjc. tjii jjUjlb^ liiL <ii jl < <uj. All 

N u = N L exp (-to)/K B T) 

(jJ-* u* h\) « KgT Cul£k Llj 4 <jUjHx Cub jJk Kg >■«««■ 

ota^jil <Ut^ ifi (jicVl i-^ u i U I jjiuu ^^lll N u oljjll xi c. jjl qcak ^ N u ~ 

. <44j^aJI ola^y-lf ^gS» ^ D JJj4 ik h\) » KgT <jV <»L_iil Ijku> ,\&i <LujukJI 
Jdj* <jl <S'<j* , - cw *' i - u * «l*Lxoll <i# Jt J <ii \i yf[(j »_> > <«JI li*] 

«_0_utll,i ^ oljjlJ jj-c. ijLj ^,jl» LaII« Lfi* < j l V * (j 1 yliVl uj 1 ..ill ^ oljjti 

• £*Ail <Ja£. <LuiljJ JcVI 

l|_4jL-<xIi jl £j * i t i l lL CjljjJI Sjbl Jug. jj| .tVtt . cfrjju.*1* Qj & » f»Uii <1 (ai 

j|jj£ ClJjJI (^uL j^i j^JcVl C^uull f jKttii ^jtl ClljjJI Jl£ 1 C» U , jJ £4 
(^| SjLUl ol^lll £*j£ v-Ouilil »>H Jl tlr^l 

cu(£ U 4 4 <j| tjr k " Liul lj. ^jLalll iji ^ill oUI jl JiiLJI * j--*H 4 jLjj 

\j^l < CiljjJI (jl^Lui] j^u^LuUI 1 j1g Jb-ua^JI J^ajV <iLi 4 oljjJI Sjb] SxJu 
. ^iliu.VI ^u^Laull Jb <rf»- fcl l <bjj <- >j M 1 II 4 <JUj| jl C 3 I-J ^Jc ^IjJLLuil 

^L trh m j (jlu Iaj| 4j(^ j| *JjX4 oUqJI <.uu«lt4 <*i %£u jjl Lulj S i t y ucJli tillj t ■ IL“.Vj 

tfil ooLu^II 4Lwi j3fb <*xu»JI jjjl jLlx.1 ij&u <iU Iifb * <uj ml 44 

. kill j Jju Lfblxu kJb-Mi (jlil <«UjVl k.uidultll ^Uii jjJt 


-to- 



8 


Salill yi-UI jjJ Jk oljiU y«su 3 || 

Population inversion in a three level laser: 


u-U.1 > <^1*111 tf oil jjjn 

uSil oljill «UJI >jl li «. oljUH jjel t M, coiUI jjJ JL.. s*ai 

^UOUtfill Citill ...... I'll 

(V'f) f*> JiUI L£N 3> N 2 , Nj J W 3 , W 2> Wj 

<iu. ^ «*ai v^ui f its ^ n 3 < n 2 < Nj Wj< w 2 < w 3 



SrO^I J* u-JUa \ (Jjll, tf j|| ^Vl J jSalU 

fjLejll <-U^.Ijj V (jtjMutl Jl \ ,> oljjll Sjlil jOy . Sjjll _ i^vi 

JjCI JUiaJ J| >ji Uca. tu^li. iso. l+J 5 j O. oljjji olypSli, oUjyi ^ 

fij ■ e-ill y *> ,> r 3 -jiu r **^1 Jj, ^ tj3tl 

. <klill (kUnJ <SLUI yjuuaH Lk_,L^i |.. . fJ ^ p* 

^ , csjM u>j3VI <IU J\ L^SI Sjlitl oljjll ^ ^ill eiliji ^ 

iiL-iVL,. ^jiV)oljjll 5j(il<loljL*ijaj^, relaxation «t4 J “...vi. ;,i..r | 
^Vl <IUII Jl Sjlitl oljjll JES ^, t Ui| 43. 4^1, tf | UA. %U ^ Jj 


jl CiljUJI olijja. < A hi J»ll£ <JLjJL» jjc. CiLLa JLa^jj « i>UaiLi 
(j 6 <ULaJ( Jj 5 jLl 1I oljjll J i »* Au . fjk KtM\ £-* SjjJI Jcli! 

Uj. jlji*l <iUL ji otijjajlKp,<ilL <1 iji Jt 1+22 LL jjt ^1jiVI jJ* 
* LijluiYI cx* 15 ji * Liji^YI Jjju« <jli cut .o->VI oLioJI *1 a 2 ^ ^ * LkjiuiYI 
ob ‘ Jjr* oljjll * L^j2-i-ul CtVLl&y ^LtUkVI iu(pll <ju I_i jju 

• ijlitl ctljjll j*c. * HjiuiVI Jjai c^lii 

W u J*Vl ilLJI JJ W L juYl 3ULJI <> Lj)j* ojjtf Sjjl y UU^YI j 2 
c>¥ VI ^IjsJI ,U>jl^YL W l JI w u <> <^JI UuJJ Y uL <JLia.YL 

: (£jljaJI (jljjYI <ULa. 

N uYuL= N lY Lu 


N u = N L e \ k b t 


w„-w L 


. Jo-mJI ijlp <La.jj T >■»— 
: <jU dlJ J^j 


W U -W L ' 

= e k b t i 


(Ji-i3 Jjl oljjll ±l£. N L , N u jj£ fj j| JLa> <a.jrt .o SijLJI <&Ullj 

• CSjO^ 1 U 1 ^ 1 <lla> J iX Ki ^*tleJI < r ij..itl> 
jj-*2 jjll oYjUII jjli < U^j JjLJI oYLJl <Llj oYLaIaYI tli ^ ■ * oitJ^ I 
tr* cYill < T » j iut U I <j* c ^ m l* JS J oljjll jac. jjju Jj** jp 

: 

dN' ^ 

-dT = -(!" + T f i2 + Yi3)Ni + Y 21 N 2 + Y 31 N3 (2.10) 

dN 2 , > 

(Jt ~ ^12^1“ (Y2l + Y23/^2 + Y32^3 (2.H) 


-£V- 



"dt^-(^ + Tu) N l + 1'23 N 2-(Y31 + 'l'32) N 3 (Z12) 

4,311 oljjil ^1 joaII = N = Cu(5 =N3 + N 2 + Nj 

. flUI^<&iII 

jjc gjy Jc ^, ;jiLJtl <iL4, 

(NY-T . U-Y, \—Y)oVjLuJI vi^JL 
Ji o-l>UU oLL^aJI Ui ... /? ji*. <G| tfj N 3 , N 2 , Nj ^ l L— ;t 0 VjUtl 
j3cj < Kg T LjljaJI <Slk]l £* LflijlLu 3jjuS <_ju«*UJU — oliLJU - jcLsII 

: ^ ('-*) fij <1 jUII JoJoJ 



« 




« T 


32 


« T 


31 


(NY-Y, NV-Y, N.~Y)oValidl JUaI^cUI^ 


-rN 1 + y 21 N 2 + y 31 N 3 = o 

-Y 21 N 2 + Y 3 2 N 3 = o 
r N i-(Y 3 2+Y 3 i)N 3 = o 


: I <11 -fc 11 <_uY I j j ^all 

f N i=y 2 i ^ 2 + Y31 n 3 
Y 21 N 2 = y 32 N 3 

r^i=( y 32 +y 3 i) n 3 


Therefore y 2 ,(y 3 , +y 3 2 )( n , +N 2 + N 3 ) = 

Y 2 l(Y 3 l + Y 32 ) N l + Y 2 i (Y3l + y32) N 2 + 72l(Y 31 + y 32 )N 3 = 
Y 21 (Y 3 1 +Y 33 ) N, +y 3 2 n 3 (y 3 !+ y 32 ) + y 21 fNj 









= 721 (73i + 7 3 2) N l + 732rN 1 + Y 2 irN 1 
= N i( 721 (731 + 732) + <Y 2 1 +Y 32 >r} 


•lull o* N 2 , Nj fj ^1 (U-Y) . (\r-Y) cYjlUl ^ J—- u 

■ NJfll 

x, _ 721(731 + 732) (2-13) 


N, =-- N 

721(731 + 732)+(721 + 732)1" 


N 2 =-—-N 

72l(731 + 7 3 2)+(721+7 3 2)r 


(2-14) 


<Lx«all (j Uaj ^jJI jjujull (J Jc. (N t— Y) t (\T— Y) quIjIaJLI JLu^JLj 

• N 1 J ,N 2<* 

^2 Y 32 I" r 


1 ^2l(^31 + Y32) ^21 


(T31 +Y 32 ) 


721 ( 1 + — ) 
Y 32 


(2-15) 


: <ik ijj& jJaIL <jjS SjliVI oil^ IjJj 


r>Y 2 i 1 + 


. oljjtl (jliijil ^ d^josk JojJuNj fj* j&i < j > yS N2 tjU 


«u^iii ^ j* j j.— it cu J 13 

' Y 31 ***** ^ Y32 ^ Li-a. ^ Y 21 JLai J ,1 ^ 

‘rt >-^ 1 Jl «>VI <*>*-111 4 ^ 0 U>LwYI ^ c? 

*,0^1 ^3- A-u^ilitl ^Jtl <>pUj3U«Vj £j£j £f ^ ci ^<|^ijVl 
* u i>- u£* ul fjfc -Y JUJI *>*111 Jj SblaJI SjJJI <aj o j£l & all r 

‘ T SjlSVI 5x-i ^ <Jlx£ (U-Y) . (\r-t) <£UjLJI A N = N 2 - Nj ^ 

. (NVY) f J J <|jUU«Gc^ 


AN = 


1'32r-72l(r 3 i + Y 3 2) 


^21 (y 3 1 + ^32) + (Y21 + Y32) r 

AN _ Y 3 2 r-Y 2 i(Y 3 i + Y 32 ) 


N 


N / 

Y 2 l(Y31 + T32) 


1+ , Y21 Y32 |- 

Y2l(Y31 + Y 32 ) / 
r - Y 21 (Y 31 + Y 32 ) 

(Y 21 + Y 32 ) 

Y 32 r 


an _ (Y21+Y32) r° 

N " — 

( 1+ r } 

I o 


-1 


(2-16) 


To^l^^^lfs^YISa^yijS: -~L j^ULuJi^Lcj 


|~ Q _ Y2l( Y 3 i + Y 3 2) 
( Y 21 +Y 32 ) 


Y 32 =Y 21 
Y 32 = 9y 21 


: qulU. ja>*G 

uj & L*Jic —\ 
oj^ L*4lc —Y 


- 0 *- 






AN 

N 



-1 


f 

1 + 




p r 

For —= o, 
I o 


AN 

-= o 

N 


AN 

N 



AN 

N 


_4 

11 


AN 

N 



: iiittll <ILJI 


l y »l j . * (l/T) J £ . tJ lj J*L fju il <LUJ L I ■ ■ ■■ " ■ — 

N To 

. (Shimoda 1984) ,>3jjlUl qCJLJI — 

Co 


Sjisy i »iti u - ■ - j4u 




r 

To 

O 

10 

9 

4 

9 

19 

24 

AN 

N 

-1 

0 

0.52 

0.71 

0.81 

0.82 




AN 



• < jl» !»■£ AN <»£ (j-lc. <LUJt «LJL. LajS ^J| Jjliy IJ ■ L, vir j 


lim 

r —»« 


AN= 


r 3 2 n 

N 

(t 2 1 + Y32) 

l 1+ -l 


1 * 32 1 


(2-17) 


• Y 32= *21 ** U. 0.9 J, .M. _ J. cU y 32 = Y 2 , ^^ 

Y32 Y21 ^ U£ <i1 ^ya m i (W-Y) ^Sj <1 jLbII 

• I J*i glli <J (juI ^jlf 


JUfjVl jjJ oljill ^LoII 


Population inversion in a four level laser 


* ’Gyiil jjjJ wkkujllU iJ *S\ jm hjjJll oYLSidU ^jjVl i^uujJll £(£ U 

I^J, Nj ** N (jlj 5 YI Sic. i^ y <<i> t I dlj l jj (jj !u ctljiil <ulU jjLi 


-oY- 





*rO (jjiI Ctljull aa_c <_>-aLLj] ^jL oljail jj^< l m ti l ^<\ 

S)J y Uh* ^4* Jiy ■ JfJ-iil £-ilL •-*■‘-*111 <> Jii ^ij ^iaVI 

.^jVlv^UI 

‘ ( 0-,f ) f*J tr* e*A>» ^ <J»U» *-jLLuill* jjJc ijj ji,U Lea 

Uj. N < Y c&j—ill ju oljjll O 1 ^— * c> o«^L«_^l J> ^ -fcll jjk v-olUlj 

VjO'-uitl JJ* Kg T ^^itl <SlL ale {uL (\) fJjlL <1 ^all jja ll ^^iaVl c^.ultl 
<A.jail ^ /> .> A jj£j \ .-u-u-itl Ljlj*. tpjtSJ fu ^Sll oljjll aae jU « O jVl 
L^M*i jui^» aac. ^ (3i> (> o I jail jli-J fj* ^Lju Jl j^ <£*, ^sll 

tr* Lr*^"V* (ji^Uill i^aa. -lajjxt. <> jaaeill fy . (Y) ^JtVl ^jiuJLI ^JJ o I jail <> 

: (jlj L£ <IUil »1 a 

jjSII (V) < (Y) « (\) fLBjVL IfJj j^jj jjlll > 7 Li..fc uloII <iU» <ju Jjill <ji <j* fijiL 
aae jU - JOillJI i-x^mi jjJ <JU US - Kg T «> j^ jaij jj£ 1 Lfll ^jIL 
aa-e ^^Ull ^icl ^ - o ^jVl ^o-uuiil ,> Y q1 N 0 LjIj^ ijlill oljail 
. l+IU*j (j^ajV — (N) fijlL <1 jaji^all i^jjuull <ifcwu ( ^lll oljalf 



^.jVl r Uil ^ fcUJI ^^LoLiS fuMj : (o/Y) ^ JjLl 

-4A-*tlll jjJ yi <iUJI ju oYliliYI oYaju* UluoJ ^sll oVaUll - : - -~ u 



dN 


1 _ 

dT~ YoiNq-Y 10 Nj + Y 21 N 2 +y 31 N 3 
dN 2 


dt 


= -Y 2 N 2 + Y 3 2 N 3 


( 2 - 18 ) 


dN 3 r 

_ dT = rN 0 -Y 3 N 3 

dN 0 dNj dN 2 dN-j 
" dt -"dT + ~dr + -dT 

y 3 = Y 30 + Y 3 i + Y 32 > Y 2 = Y 20 + Y 2 i 

t-S>-IL JUJUOUSIIoVjUI .IaJoJ* ,(..y u 

'yoi N o-rioNi + y 21 N 2 + Y 3 1 N 3 = o:<SiCll^,ui 

-Y 2 N 2 + y 32 N 3 = o 
rN 0 -y 3 N3 = o 


••• N 3 = -N 0 

y 3 

N 2 = ^N 3 = -l2i-rN, 


Yz 

1 


Y 2 Y 3 


(2 19 ) 
( 2 - 20 ) 


N i=— Yoi+^^r+^±r In, 

Tiol Y 2 Y 3 Y 3 


JOI , Y2lT32 + r 2 Y31 r 
lYio Y 10 Y 2 Y 3 


N, 


( 2 - 21 ) 


(' '“ Y ) ‘ N = N 0 + N! + N 2 + N 3 oiLS 

: u^cUoa^YN-Y), (t.-T) 


Nn = 


YioY 2 Y 3 N 


^ Y 01 Y 2 Y 3 + Y 32 ( Y 2 i + Yi 0 ) f + Y 2 (Y 31 + Yi 0 )r 


( 2 - 22 ) 


—0 £- 


^-rN 0 > llu+ MBlMii tIn 

r i y 3 \Tio 7 ioY 2 7 3 / 0 

f J32 hlh l +Jihl > Yoi 
l Y 2 y 3 riohYs / Yio 


r Y 32 Yiq~ Y 2 i Y 32 - Y 2 Y31 > Toi 


l r l0 Y2r 3 / 

... r- Y01Y2Y3 

Y32Y01'Y 2 iY} 3 ’Y 2 Y 3 i 


(2-23) 


* oljjJI .] yi ui XlO ll »£yi^.L^jiyA I -.. 


oljj/l 


7 " ^ W~H ^ ^ Y 01 

<fcUI <> L* 5 ^ . ( S) wmM J\ 0 ^JLI ^ Sj lit( 


jc d>-—ii <*>iui r Sjiiy 1 £i_j 


^ J ' ’ • 4 — uH crKl y 0 l = ^10 ex P (-W/K b T) 

• t-U* ^li-uVf (JU^Lufl 

Y 2 1<Y 2 = Y21 + Y20 . Y 3 ,<Y 3 = Y 3 i + Y 30 +Y 3 2 cUKH, 

: U£ (tv—Y) <]bU)l ^ ^Li 

r >^=e'fi J 1+ MSs) (2-24) 

710732 1 Y32 ) 

r l0 >>y 2 *** 

S>j J. j ^UJI „_ T ) iiiUJL (Y£-Y) 5SiUI 

exp ( ' k^t 0 J' 1 -* 11 4>-w yi VJ, oU£U 4. L^i , sacai. .. ... I;ll 
V ^ UI f 1 ■*> 4 C* <*iAl vs—*SU fU j ^ ,***. 4 «yl Ijty. (X £-Y) IftUll 






^ ^21 + ^ <> cli - 0 fijIL <1 >ji all ^ 

Y 31 ^ (Y 31 + W’ Y 21 ^ 

Jl <£+i j] * j&tlj r U#JI JaUJI ^ exp ( ~ !_ U.UII ^ Ujo 

K fi I 

jLlL* laj L it* C 'lj^ cr *l^-“VI t>«^Ljulll 

<ULUI jiL 0 >_< J ...i ll ^jlc.] (N) ^2jlL <Jj j_Ajl 

• KgT <u2 ^ olj»* 

: OAP “ jjfl (ji c^jijfiil JxaJI ‘Y/Y 

u&i o^j • jj*I jLf* Jbl (N MN) jklii" Javan, Bennett & Herriott" jxli 
jUj *>>!*«< j. i * >r > .. . \ , o (jlLIJI lajkij « j.i a \.. L^|jL^i~;.j i 

0&l>« r L 4 . U“ > .. .Ij. jjSj j1.a j I I a •, \ altoj-ulL, jIajIIa N Li -A alt 

4 a** 1 “ jus^ <*-ii jit*, oliji. (3/Y ^ij) J^iJI CfiJLj.j. jlijjljlA 

- ‘U^ioljll oxu.Ull (V/Y) ^ij Ji.ilI ^jju. Uiu 

j±a <1UJI *±Aj • cil^piJVl ^j LaL 2^S ^j. o l l l alt ^>jifll oljj J-utl 
L.alcj. t-oi-iUI Jj Ifl^ Jliiil , 5j51«t* 

i—(j ...it,* <j>*-*ll Ctljj £-» 2 S mj... ill JjLJuj jjill .1.111 ^|jj 

J_a ^ Jl (ji LT^I U>^JI Ctljj Jl SjtSVI JjLaU J\ i^uj , LfjjISI aJ£ 
2 S fj^if+ll <3LL v-oxoIa coJi f-u.Y• • JjUj U^Lti ^JL ^lll, 2 S <2LLJI . ... J:- 

• Ojf*l (j ^ I LU I < ; >u J V a (V/Y) J^aL < 

caliuiIIa 5>x-*JI ^12 S (jj£a <*jjVI uj m l lt l jA ^ . t .A J Lilli . fc .t 

o>f^* 2 S 4_*txulll( ^ Jliill <a-ul ^L*uil dtjuui jjl o^aaj . 2 P ^sJI 

^LtuiVI (14^1 t1> l ^XijLtl jxlj^-A*, \ J t> a . A alt ^. > L? ■■■-.t l 
O'* -t > a-V IL L«.U«| 2 S <2(Uf < i> xmIIa ^ Sjlill oljail jLax.1 * ^ ~~j . LaLaj 

lt* 2P t-u-x w l-il l ji oljail jl-A_t! jjA lj_A_t JjJo] ^ , 2 P . ....■ !•.II 

^ ^ * cr^ 2P <; > j . . .till o I jail jl-A-tl ji Cj^ ij* <altt ^~\« jji 2 S . I’M 

LjJJi-JLx«ll ^jo l .rtl a VI oljjJl .. .VI ^a^LaJllI * I.V|I <Luli 
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1 IS i-o-All J\ 2P oljjJI .u>vu. 2S -* 2P^j-...ti 

• ^ ^jVl ^-Ul Jl <1^ ot^ill dla ^ 

• fo^bui^l JcuS IV 


W 


AM 


R 


Gris mixture 


E _ .X IW^T 


/T^ 

— ~j - rm— 

— 3--T— 



R- F G e nerator 

-i 


WVr^ 


w 


La-- - 
beam 


W: windows. B: bellows. R: mirror. 

R : partially transparent mirror. E: electrodes- 


<txiii jlfa-obji* : (l/T) pij 


^£UUM ATOM. NEON ATOM 


, atomic 

2 5 collision 3 5 



KEY 

•-*■ 


Laser 

Transition 


: (V/X) |kij Jiii 


-oV- 













^ JU^I t CU-JJ5} Aj * olu « <jliLa>. » J ^ Ji(j 

^t.‘ “ ^ f^y * uu^i * ^ ^ oYt* Sic. isJu U^lci < * lj «tll caj outVl <* »t~* . 

ji 2 S y ul^Vb* aJ"N *jd 2 P(jjl 2 S < ; >u»lill ^3^“--^ oVUDil 

. (A/Y) L£ f^Ja+H Sjal 2^S ^>^1 

A.U-«yi (\ WY) « White & Ridgen o^juj^ culj-i »^ULdl OJLLSI 
JUiiVI <- > jT. Jill ijj_iillJ ULUI ^ - fj-iU j>J >. ^...n 

l/* JLi-ul <- A j n jljjl J-5 ^JtVl v-<j U tl l l < 3 S 2 —> 2P^ 

jjJ^^xjlll ^L-iJI liA . i^aL+tl 6jjJ 2 S 
• ’VYYAjji^a^l^j, Alignment 51jUJd ^^laaJLu«>U 

»#LJ*JI Jish.V« j-aaVI^Lk .i H (a* . 11 -•" 2 r ; j _■ ?j : j “ * 1 *;j 

JjIoj * Ij-^JI <-*-^i<Vl <2Ll* yj Lc.Lx.ii jjl« Bloom, Bell & Rempell Jpujj 
li*. ^YA jlc. iix-ptl ^L*-ill y^L-aaLx \jju& X <> JjU Lr?(> . 

JaAJI (jLi dlj * <*> *& -*-+ XJWX^^JjL; 3P 4 t—(J m*>ll jic. ■*■« ili ^IjUiill 

: uj^I c*Vl2UVI ^11 <£>j oOjP - fOfinJI fUii yi jll 

^j j~““ 7 ~ ‘l *VYYA <It 3S2 —> 2 P 4 
fOD * ‘ i,i '?* > l ^^ * 0 YY' «-L« yij j 2S2 —> 2 P4 
Y, X \ <jt «iuuLj ^2 —> 3 P4 

ijj ^ U ._tx>Al l oVLiliVI (>jxcyk o^>i o-iVl *oa Jl UL^iUj 

.(Lengyel 1966) <^11 






Energy (eV) 

21 

20 

19 

1 8 

17. 

1 6 

15 

OA" “ JUfJ v* otf lEll: (A/Yj^ijJLi 

Coherence : La Ij 3 ll -V/Y 
. r UUI^<ib^UL 1 . 3 Ui^oUoll 

UiUll <> JjVl £jill 4 LJjSlI <> lla 

<1^. <*L^ ^ <kL ^ jkVI ^lj, <ia.tf Lil.j 5 jli d*j <^>Uj L. 

tf Ulu« Temporal coherence ^jtl luljll ^11 J^VI ^1 

. Spatial coherence ^£(>11 kJjiil ^1 ^£ji ^| 

: Laljlll 

jX^li oljj jU 4 < .A. 4 . < 4 jUl\«. M> ^ll oi -jU.f ^ 

‘ WaVC <> oljtLS *lu Ja .J--JI d.Luil Cx3^3 * <i^L. oU^A 

jlLill <jl£ LJ^j * L/ lu ^\ tl <£.L^y ( _ r LJJI ^ai(j jLLill 11 * JjL <JyU j-a^j 

• U** - * ^ifUl tf jJLI <jl£ 

* ^ ■>' ,A *i *-* C£] ait ‘o il Jllxlll ^ 4 .. Kj » ^juLjJL* JjLaIIu^ 

. (A, O CtfiUill C&) <LSLJI I^juJJI oU^tl «> fjlLS (y Y) ^ JCiJIj 



~o\— 




dLui (1) jLuJI dL-j L »A, t -d < oejlki (jJI I JLk. oLa^l jlkS 
jCLS *> J5? (2t) jlull j> Ijj ci ^ (yx) ^ J^JUI ^. (2) J UU 
iu^^ULLi, (2), (1) odjUll ^ ol^l) ^jlLi <jU S <> ^Ul oU^ll 

iiltl oU^il jlki <> >Ui JjJLl iiLJl (2) jUll Hill oU^tl jLLi j '-'jj 
jLmJI ypi JjJII ^Lm*; >^VI jlkUl U-JlL cLj^II ,> jLLi . (1) ^Utl 

' ^uluu y4 giljJI 

2 t = (P.D.) jLjJLI jj i 

tfjlLi uli < oU^I jLLi J^LI <+^L Ij^. (P.D.) jLJJ jji Ijl^ 

Jilj^l yo* aA • £%> * ^Jix* ^ ^Ublku oU^il 

• lifj. o^^JIkU^SjU. JiyJAS 

oL^ll Jsb j\jJu> o Li . (^Jl Jj A iijll dl*, jLJLI jI^ 

* 5oa J51 JiloUl £*>*i JL J^IxUI o-L-JL- ^Jjj ^ JUjLSJI 

. Visibility l+lgjj v^ 1 bi^ c>AiV>u 


tfjlUup* oU^tl (2t) jLuJJ ^ jj^JI ^ 

- A oU^I jlU ^ <jbui* ^jJJI (a 2 ), (aj) ol^ll 
' ub^ J t/bL-l* ol 6^*Vb Cl 0 • /*) fij JUtJlj. Jy, 

dli v il l A . t>j A ^^*^1 oU^ll jlkS ^ oUfui 

• *i <iLu-oj <ic LJj^j B <u £iiul! ^jll 

jytLLV U_J olj J^Ll\ J^ldUl o-LJL. (2t) jLuJtf j> 

• A <£L~LH« ^ jfl^V (aj) , (aj), (a 2 ) c^>ll ^ILi 

Ua* . oL2U*V B 4> ^OaJilill , ^ (bp ioa. (b 2 ), (bj) jjj <fiu* 

Jilalll o-Li- ^ (1) ja—Jll jLuUI dLuj jll) bj c.L^>tl jLU Ji ^ 
u* bl u^i> • Jl>l*l IjL—-* diuu (s^) oU^ll jLLi £* ( 








jalJI JjLu i^ il l oUIjJJI (jn li .4^ < > 11ii ^jllj 2t = jLmII 

. B, A (jjjLUill 

: (iua, Aj (JmLmU {ja Ujit b j, &2 <j4jU»Sl( 

= (tj - 2t) 

<iU« oLa^il ^LLi jaJjS *jli #Lii J^laill tjju mi ^jti jii 

(jU <Lt-*i(jll <a-a.UI ' oLi. il'i . ij j ^laJbLL (j^jUaill «jV J^IxLlI v_jJUk Xmbj 

Ij^l f <LjUJf i«ft ll jjUJll f.I.Wl ml ik <LjLaJ 1 fej-lJLua t *j u ) l L-att .t_-^ lj] 
yj ola^jll CiljUaS jjij OJlC. JL£Lu<I . La^I jj 6jli jjuatl ^HV J^ljull wJJI 
*jjll o-« Cil^jtl CtljUal titluil jjli Uj < 6iaJI Jj% t <i*ij luijl <jjllal,l <axajll tJLitf 
. £-• Cul^iut vi l liV I ..< t2, tj jLJLI L «j> J <jV j/C*_»V Sjlill 

^ 1 ji • oljLLSJI «4>u 1 4j*>r oL^lj^U iuuilL Lkul f jjk * 

(j -4 < > ■ > f >i—<-4 j H (J ••■ < A^, A 2 , A J <Jj(j imC ^xi Lfl yjS 

Jak.ljlU (^tSA J| LVi V Ijkfl , CxiaJI ji <iaa^UI JxxjuulJ H^liaJU #Uu1 <iiLkJU 

tr »-uyj < Temporal Incoherence ^^11 LJjS^UI <Ac. jik*L» J —\ j , <_uu 

. JojljSlI J[^Ja4 ola^ll jLLi Jjia 

( j t fi»J L -La Ijlil Jjia <jLi i jUaitl Lfxi Xxljxi ^lll IJ Jk X <ti*jll ijliJI Cali IjJj 
. lajljlll £yAj* X ij+^ y^al\ <£.jxy C &i> L = CT <3}U]I 



*1^11 y* jjyUa U& L : ‘/tj j J^A Jxljlll j'imKjt yuLia : ^ij JLA 


u JiljSU ^'ii uKu juLLi fji A, 0 cfcj cil^>ll jLLi jj 1»jj 



Spatial coherence : Jeuljlll 

jAlj 2 ioaj J <ii Lijj 4 glJ £AJI ^11 Lu»j I j] 

• jX<a 1 I ^Ll ij i t »l > * Sq 1 ?-i.t ilfl~il l 4 j > l.»t I 

<> u^*-Aj ^ 2 ’ ^ 1 <>* O^o^i <je jiH oLjll (£j Lki Ji .*$£2 * jj^j 

oU^f ^ 2 » Sj <> jL>L igUll C£fcLJjlj . ifLaYl jjjuoll SjoLall <iLlU ("pJu 

lo« jL * ^0 <>• CiU^jil j>I» J JJLA* itjJa. Jj . L| .rtnJ <J-U«1IL JL» 

— CwL ji>l« (i>* * ^2* S| yll CtSjll ^ JiTn in jj • I 

J a > M l * £ UJ^JJ • j4>UaII j-» i g** /it I ttfj&UaiJI jU -C JjLJI Jc. <iaii (j) Jut 

. i jAi.uii 

tjuAll 5 j*SJ <4(4411 £1 Ljjjsj Jua^j jJu gJjjllL So < 3 hlill <j*»jt j|j |j]j 
‘SJJ*- 1 - 14 -* £i *** & (<-LHI Vm- 11) tjji-uail Llfillj JE C JSLJI ^ic (LLullI ^uxfll) 

uj* * *J* So JLjjj Lltcj . 1_jJ4.il jjLi <LjJ Ji 3 4Jji1 SjliAjj . jiuail 

Jil^sll <*jJ <*»ji 4> JiE Imin <**3 £tojlj I ma x ^ 

jju Jb_il( jiw a jjft c^l j . «L J\ lr»~>i • Lfi Lull * J j .Al l 

<JL^ JI cUKJI -Uj—Ul <JI—^ ,> L- u^ jju Vj_^l juJi S 2 , Sj u£jj-+*U 
• (^ V'f) 11 <>* «ill j . J«*(£ll incoherence 

S (jLahlilf J itu.^» Lai)£ So Lhlill oll£ Ijj <i| Jm 2 jAUlfl 6 . 1 * j. ...i^ 

#LAli ^jAYI <aJLill Li 4 oljjll t> 6 1> Aaj1>^Li&L L1L. # LA3 S’ji 
UiJ‘ UA * O^La* (jUaJLlI ^UA t JUu <iU « oljjll (j-6 ^jll Ifijuu £yk Q<Ljl1> ^LLuL 
1*444La] ^-u S, S (j| i~* » *l l jjL <LA So <a»L*ll (jjfi jji < 1 L ^ Li. jjJL 

. oljjll tj* <cj aj > 1 1 ( ja OiuLt ^LuL 








gV V^) fij 

extended source jull j^.<All jtU^ll jji jLlcI - > o| 

< W it it Li LaAJaI < QtJeuIjAt jjt iV iiUfl * <IIa ^uiljj ■ . ■ ■■! **t I 0(4 t 4 1 »~ . ..m. 4. ikt*. 

^43 CfcMji* JJC. c^jS^M Lm>* Ua (NN/T) ^Sj J^iil S', S ^>1. jiLSU 

: (jji » S , S £go 4 > 1 1 «>• Ji| ont>*i 

S' s 2 - s’Sj = -|_ 

y*iA lAjjc JjjSLw ^^lil ^iljll Juc <iV C JjLaJI ^Jc, J^lju i_iJA jgtlW <j(j 

• S 2 (_ii it ( < j»* <aJiU 4 a!U> yJJI Si ■ Jfilt {j* <UkjU 

S’S 2 -S , S 1 = S 2 M = ad 

d/2_ 1 . o _ 1 o _ aid_ 1 d 

a ~ -—1-SS ,aj-, a 2 - yy - —y 

a 2 a i a * * a ^ 

•’• a = aj + a 2 = (1+ y) — .\ a = O + y) ~ 

z a L a 

1 »-^— a* o^Lh 1 ^ ‘ t-jy_>S3 <£jLu3 (S’S2 - S'Sj) <ji 

Ljic JaJalll yOA iyjjuu <uLflil Jij 

2 a 

< .A** 0^ *x»>i *-0-^" jIjJLaVI <jLi S'S S»LuaVI v>-~» /.If* I j I <i] 

2d 

• (JjLaJI ^ J^lii uiA J^kiV I^U(j 

d=i 


-y- 


A 

28 


-nr- 


.0 dlt S'S (jlll ^ 0 

. 1 W iwljlll ^Lull l^U -^-<^1 Ljjidj 

UL ^ 1 OJ& o' * £>*> ^Ij^aJLuiL f^lj, Lj-aJ , \j^i CLi Jlj 
^ . Jibjtfl ^ ^ Jb-~U luljj|| t L^, <> ^ Oil CM^JI 

jaiaJI y J£*i <^1* <Uii iJ^jjS j^»IjL Jio* , jl** *Lij j .t,— >! >•-... ( 

^ J ~* JI oP‘ W lj o 1 ^ <jp - ^ ^>*il ^L^IVI ^ 

: <^Vl <fcUII iAuu JauljlU 

- 122X 
w “ 0 

UdiA^plJ Lj jLJU j^il JUi Li^l Ijij 
LLi^<iLi. c^>^SUc»i^^>U4^a^y L^J X+ AX,X^\JjU\ 

<>^ V iAc^ji: IjLi. AA,^L Liji<a±>z <jbU j i«.». i 

* L P* (J 3 ^ <*-*iVl 0A <aJli < S i UAA <jJAj X Ifia^* Jjia ^1 4. ,* Vl 

: J: UililJ.lj-^-=AX SiLJI 

L = mX = (m-i)(X +AX) 

K 


2L/(^-l) = X + AX 
X 

rnX = mA, + mAA -~X-~ AX 

X = ( 2m - 1) AX 

2L / (— - 1 ) = 2 m AX 
A, 


•"• AX = X/( —-1) 
X 


AA - 2 £ ^ we assume L » X 







.o il (jit j>-x=ji « <±ujjz <&u UiLmJi <jbuiij 

T i 2 " 

L- - —: yrA <5iUllj t jMjf i cuijs^ 

0>UI <x.U«3l J uUUI LL 'j* AX , , l^U ^ T >..^ 

* 

: <3 W ^Ij3 vl>kl OOJI L& #123 
v-UJI .Li JilZy. OfLIl ,L25 5j-iL_* .U^JI J,!, Lg# 

C&j. <-A\+>1 <1 LLs<^l 

• 6^ La*a*j < djyljil £*j <U>UJI <iLalt Lr i- Q J5i ,u ■ a.L L* tf y 

VI^LI < ^ ?t> II J^LII LjU.i jjL^II duuilj<iu dtj j; ...at 
JiUlll yOA tjli l j.t« jLull Jji oA LftOlcj , X, + AX, XCjUjl J«“. J . 

jLJI J>iS jLjj< iS^. «UjUal* LIa*<S jLiU U^jil JI^LVl i^jjf 
(>?^* J>*“ All <jr* ^lH| Jjj»^, jil^ill c lJj^ ^Li 

, AX. + X j X Qo 

‘ ^ ‘ 1 -M>^ <>j fr* *.***1 »m Al) jj_hJI tf x« ^uiuj Oil JJI^j 

T Ad ~ 1 : <S>Uil ^ 

^ US - ^J^ll JJJI Lfji Jibs <*>^#1J^y <i # u dial ULliy 

dl^j < cr^“>*ll ^LmII iM 6-» J3l ^ -U al l <^u iiUJLI ojS3 J,1 . ^» - gi* JL^aJ 

* fJI *11 1*^ £-*-“>** (^ V*) fX> J^UlIj • *>fA« JUIju vjjji tr U J j-» 

o-jVI yiUJI J* I oUl^illj< w* oLkl. <Ua Jt <i^ oU^tl oljU*, 
<> ( 2t ) J>* 0^ IjJj • oljUaill »a+l <UliU <uxLII olijlil ^ -j" 

Jl J>-jll C£*±) • Jk^ J^IjS Jjlku^ oUjJtl oljUS jli. l»ljit I JjL 

'■ «^*^l LA^lliluiVI 

oA U 1 ^ jjUttll t> gSlill tA-Ull Jlljlll <j3u jjiaj ^Si -| 

■ -J i ‘^' , 'll ij>l“ j* J2I (JmLIa jLJtl Jjj 


-no- 











<A lAh*^ jLUI J3 US j&) ^J^uall Jkljlll ^sa -»_i 

JJji Jn^’i .y V 0 JJ>ullj . jX-aUI ^A^l .U^ll J^kJ ^Li-uuHL CU 43 JkUtfl 
# J-** <>• UJ^f CiL^l^ C>* jLLS A*J*> (5^ialil JLsJI JlIcj . 4*1 • .•! I oLa^jll 

. Dq LajJjJ HajII Jjia ^jla .1 

. *>kll oLj^l jlki Qu <iUI (NT/^) JUJIj 

• ~0# <> tA 4 ^ 1 -MAHt 4 A , A* 1 -MAN (\r/Y) fjj 

-LJj3 U.JJ UU «-i—3 aUji <*4j1 tf j ^ CfrUjIll oUjiu 

iA*"i * coherence interval kJjdl ^oJ , ^b . ^l 

: <IjUI <>• coherence volume kJjlll 

Coherence volume = L L. = —-— _ j»22A. 

w AX 0 

1 

/ WV 

VWVA, 

wwwv 

v 

e-4UI *>UI OiLjoU^Xf jLU J[>LQu l&UJf ; (Nt/T) JC.» 
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wavefront 



jjJII 0 » LjIjSlI: (\r/X) fij JlA 

Optical density of a laser : j^l c j« .M ?sl«<n _a/T 

beam 

Spatial distribution of a laser beam : 

f^SJ frjiP cr 1 ^* TEMoo ^j-uLlf So-ill JLij w 

fcuP <> <-^VI <JjL«IIj , xic ^|| j j__ : ^l l dj^c 

: ia-alll !j+l spatial intensity <*11jill 

1 (r) = Io exp (-2r 2 / w 2 ) 

jloi duii oul5 ^ w < ^IjuJiJI JLu,LL« iiLil^ar.v... 

Jo-i (J-Li *Uxi _L Jl Sjuill J 2 Spot size «^L_^iJI 

LT* <>• t-W -* 1 ^L*_iiU JUC <4 LUa " ~ |JJI (JIbljj 

• /A“\, IV ia^UI Ji2 -L- Okj . OjaJI Jal^jJI <auli £ L^| 

c 
S 

(O = -—radOyiuij ^iltl Cilxaja beam divergence ^Luill jiil ^ 
tfill S o*f>dl J>t» «u>I*ill olaa^jlL Lfot l>^a O . milli-radians 

. r ^kill < ■ iioi L^oi* c^LuilL jAaJdj jS^I JjLL 



. ©V, X — —= SOaJj <LjLi ■ « —> ijjlj 

: «Ual*XL ^Luiil JSi <y. 

4X, 


O = 


tcD 


. ^UmII ijajc JSi ^ D 6uk 
Ciloa^j Iflfc lj*** Q U^uaJLI JLyljll JUjL jGul JJ II* Jlalj 

. (M/T fij JliiJL j* USlfl= -A- &us>) steradians (sr)(jluljluiVI 

r 2 " 

. £ja ^JaJU Q «LmaJll iljllll |jU Sj£ 1 «I jtLxulj 


(10‘ 6 sr)oUjljL-l v n • <> JSi ^ J^l jl** ^UJf t Uuill 


Q = 


*\- 


2k r 2 


= 2jc sr* 





-*\Ar- 



Intensity of laser beam : jjJJI 

Lfj ^1 *lL > L 1 Ij< < *US »SjoSj^dll £U_*i Sjui 
<x*s * JA-*H J-_il Jxdtl 1+iL ijaill . £l>iU ^ J\ U& & 
: <IjULI Sjj|l(j <SUJI iju <jfol>Jfj. UUJI ^illl jl ^Ijpkluil Jja* 

o= r x p ( t)dt 

o 

: radiometric units djll ola®^ oL«£!l <> i Jl f M 

. Jt^LttUJUO 

. o(jJL SjdUl = p (t) 


. luliiL pulse duration jl = x 

^ i-jili/ J>-a. j-a.ljolj j-a.lj£ Lididj 

: iuVI <1 j(jl 1L irradiance _* 
* « « 

Power _ average value of beam power 

area of the beam ~ average value of beam cross-section 

t C»(j {jiill jl oljll CiluLa^jj J A* 1 ud I jjjJJI ^Luii jXjJLj . T^uj / CjIj Ctlda^jj dt^j 

. / Jja. Ctfda^ Iflc. Ijjjl* iiKH ttlklL ^.Aull jjJll ^JLj 

uj"* * \j r* Ct l^ l < < i l l * (J lc. <1&aLuJI oLj^ill J.if ^jLwbl I tddl I *«**j 

ur* c*4>i>ill iU£ energy optical density ji energy density <2lW( <il5£ 

* uj-* dljfj < Lttll (_r* tiaj 

energy density = -5— 
c 

• JJj-xJ! J-a u al >1 tji<ill <cjxu C '*■ *—- 


-IV- 


jLu&a fjji < S^LuaJ j.U^il Jealjlll 

Coherent length of illuminating source, fringe visibility and maximum path 
difference: 

uiU Sj-Jull pj jjS 

■ &LaI jJ JLOU& uLUl Jul (jAjfi jUcVI 

wJ-fi < /i fr. nl l *J-*£JI £jjja JjLi <-^>11 JjJa (^jLsfcl *j_ul <JLa. <i| j^LsdJ 

: I ^jLu I J^IjIII 

^ ,7 7 A 

I = 4 a cos^ ~— 


• JL>* A « (jjliiJ Jill cgla^>tl (>• J£ <fcui y-k a £u-h 

< » AiA > U » I'rt'i »1>U jjl <jAjlii(j t /n n i Kil JAIjiliI ^ijLL* <JU uujjjl 

i\jl \<^Ju l a A J -h I < (jUj L .ol* (ju^a. (jlj <JuLuJI <jl2uVI <iu» p 

jAj <*' *>“ « > > (joiUi* ujjJoJI LL Ji o^jHi f *iijfl <aL ^VIj 

JJjaII Cj I j Mi * . ni l I\) tjwll (jl^ ‘ jljJ Jjaill <aoli A O 

: M&Utf - jl$jj jjjG ija ioii ^Lju jOuail ,jl£ Ij| - \) 


I\) — e 


-cUv-u^ 


and Ao = 2 



: (Yo—Y) <1 jUII , , t| 1 «Lij j.Al l j j^iJI ^_jj j3j 



+ oo 


A^cos 2 ( 2 tc v 


_D_ 

2c. 


) d X) 


(2.25) 


. ikSLJI OuiVl Sjui A 2 = I v 

i Ca^ l.u« i^c(< >* (jo jl i<J>I = D 


. lj u- i l l — C 









/ + OO 

e -a ( «-u 


o) (1 + cos2 itu — )du 
c 


(V - V Q ) = X ^ JJfill 


i=j 


d\) = dx 
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a a D r i— ^ 4 ac _ 

= 2cos2tc —o o [ Yrc- J 
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1 Vi” r t - 2 d 
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2 V^ c 0 
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* lt 4 ^v* 1- * (j-* SxaLII ^ . U al ^pll 

* IT^ u* b±Aj . f jiji 1 1 jJ .i i fa-flX c tj l n H iso. ^yo jX. jLlrV j jjiOAf 

J^xJL , ^Ljj £y> iiXyill J^JJI 

• CHjW“ oU^dkil 

The visibility of : ^USJI JlldlJI V JJh JUjj -\./V 

two-beam fringes 

: <wVI <JjUIL (V) vJ4 JI jjjLl <^.jj« Fizeau j^u »ei^ 

y _ 1 max" 1 min 
^max + ^min 

u* cr*^ 1 Jildjll yd* <JU. 4^>M juJ^ll ^LuiS ^ 

6* £ r t- u *2f ^ U 4 *^ c?^ ‘ LalaS ^jLa.1 cj .All 

olj <uJi i»>lai u^b • Jt>k J> Satj <y!5 J& yj+ll jjjjly 

*^b * c -^®^ o^j*- uM- D jLJ.1 3> £* yjfll jjjlxl La.jJ jjJu <j(i < .I K, 

lt* Uf J b-* ^ q<»>c. « qj-^Kj * » 

• u- o ' ^>1 1 J^ljlll 
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‘ frUp ufA cr* >4»Vl Llll Jj] jl^j Jij 

< ciJaJI Ja^ ^Luual f^-cui ^Jlll (£>iVl JaIj-aJI JjjJ >L^J j^jLj <ii Ji 

, ( j - ii l fJ l <*-oJC ^pLjji <i£L*(j 

crO**^ J^loltl yo+ll JyLj <ajj<^ uoU^U \ V\. t \^V Terrien ^jS j 

<LJaaJI ^.Lllilj t JjUl <ujLaj 4. j ttj l nH (jtaS t ip AJ( I jjj\j u_j 1*AI I 

^J J o-j J My • t> Ujom*£^ v j^]I <^jj ^USl 

* oljjll <£>»> J^lft JjIjaII «L*jJ jjSU gill] I _>LjJ fJallLI JoijjjJI 

tr* f 1 ' ' > *‘ | “'^ *H> • eg * * * » ? • jJjjJ JfAiJi) JL-ij^ 

. \^A ^jll j jU(j A*\ jjLjSllI jjlii L«i < s#L-ij <LLoll 


JilxSlI oii ^ JL^flJI 5.utJI ^Lju ^III (to—X) <JjL*II ^^AjjjOJL, 

J^. o»>a ji D jLUl V (jjLlll <a.jj <i^UJI ^ J,.nV,, ^ilsSJI 

Ifjl JJ_>lJ Ljvjl*. £-*jj2 £alj JaJjlJI (J^LjU * iJ jL. a2 ^jJI <uj^All <*_iiVl Clili I j] cjLUI 


■ *^Ui (> ioii (^1*3 




and 



V = e ac 


uiW*^ JLaji Jii uM) > '/V (jjLu3 V uu j Lit I <ili « jjA » <a. jisl U ULUj 

, l^Jc. oL-Lifl^a^yJ^jl ^Ljji^ Jttujj 


For V = 0.02, 


tc^ D 2 m 


= 3.913 
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/A ,2 2.7726 

(A cr = -r— 


ac 


• , • Y — Ujlji* V <a.jjl (Jjlill jLil (j y * V* Dj^j jljj * jjuG 

Aa D v = 0.02 = 1,048 

tr* ^ 1 ** <^ 1 *- ftJlc jLtai*-* Jji ^ << ii b. i l jjLi clljjj 

C& l. t.ir fc. * V>L j ^ 1 ! ^jiJI <LjLaJI ^pLill 4>ul Jji» ^ <b-» b | jjuLji* 


= 

m 


: <jJa*j QUjIji* Q»JJ~ ■ ■■> 

1.048 


Aa 


: w^J* 1 JfU* ^ cr* <5>U1I 6 Aa gli" ■ < A <j1 

• «JjU1I uii i h singlet j^ill ln~t IID^L ml l «.IIa».I», .<|tl ^.1 4 Ji 3 —\ 


V = e 


2 2 
n D 


ac 


2 2 2 
n D (Aa) 


= e 2.77 

^i. i Vi i«i t I ^LU I Ut i l A a jj.i .bfTill (_jb=>jj«JI ^—a L v'"****,* D j l ■ ■■ 1 1 -y 

• Lai 

(>* » « <>!»<*• jlc <\)Cill »All J^ljjJI (jb>L» (j* 1 »~ I -I* *» 

tXiC. Sjl_>^JI 4a.jJ c J muu^ \ \ A Jijijll jjki ^L< » l ^-*‘ - ill jij t Cu(!t 

Y \ • — \\« cull jjj3 jlc. JjbLutall ^bjjSjljuaJI Ljol j-U;b ^IjaJLuiL * 

. ^ unH*ii on. i V0 <^jll (JjJa jJ J.AA.VI i *iL.ll ■Ua. juLlj 4 Lli / 

(Jjjy JaAJ (_>"jL. JiJjji Hi jiiL JaaJ L^lUliil j t < < > ^!ll I <1 jLa 1I »*H «j 

(jLiblll 4 > r . hIh < J (jlll D m JLuL (Aa. D m = 1.048) ^1« ^1 j 

: <jl D, V (jjjj 


-vt- 






Hg 98 \U j£>ll jjjkij-ua —= Act ijLuajli 

ol 

\-poM • ,»\\ = Act 

ak. jll jUUI < D 1/2 ilL. yi Act ^ v La^ 

l^ouMjj>. = J U^kUIV 0 uVI ( ifLiL JJ 
d 1/ 2 = 0.44 ^ D = Dj/ 2 ak V = 0.05 l*A> (Yo-Y) SlaUJLI ^ 

jJL c L^l <pV( ^oiJL jU(j , (\U*\) f U "Valasek" ji 

ok 0.002 cm’ 1 ;uuj| ^ <_^j Aa = 0 . 017 cm' 1 , D, = 24.8 cm S\A 


• r° W ^ 0.0156 cm -1 JujilL (Uo \) f U "Bareli" 

Sharaf and Amer -(VUA) r L \ *A jJx c L^t Lc .Ujtf I JJ. ^ ^ 

^lltl o-LOil j-^j , "Roster"^UVl ^JUI^UU Jil^l r i .^i,.. i. _ 

. f— 0 A ia^Ull oil^ < O^jljlu 

Jlla l*i ,j JI gSli ^-Ld* ^Lm^I «CU_*i| ^Luj ». flu. a (_J 

: <1U1I4JLA ^ ^Lill t ^klf Ji.ijsH <^L 1 I 


7iDAV L 

V = e c =e 


-tcDAct 


^a-j-aJI cfi-JoJI ^ Act < jJU-klkJI ola^jj jUUI J>i^A D 

• cm olaa^i 

^ J^faOll ya+J D jLo4l jji ^ ^Uifl oLukk (\o/Y) JSLAII 

• >“a>J fcU>* cr*LJb 0*0^ t*ji>* £*k«(jjja-A* ^jIU 
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uiLJVl uli^jJ jt <Ajlo 

An Introduction to Fibre Structure 


OrfoaLkAAJI * *-iLJVl j rt-k 1 JjL : <LuVI oLcj_*^lf £jllll J^aJLil JjLil* 
*-iLJVIj<*^iL5U Optical anisotropy <^Llll 
highly oriented £>i>tl j L^<w t <JU lui ^i| jfc I ; -j: 

. I ciLbU ( yLi»ll t fibres 

• u-aLJVI /V 

Methods of investigating the structure of fibres 

* y«j*ll I4 * t K >i ntI Htlt-vtl J^LIL Cull yL Lul 

• — I 

• I “V 

. ailill 

• ^UuJI * ?«.!■> lV I —J 

• # I J«*>1 1 C tffc * WuVl kiLJaj -Jl 

• JaJjllI —J 

. fju ISL^jVI jic.j jUill jic jjjilll —j 

i » l jjt '^jLill 

Stoves (1957), Fran?on (1961), Meredith and: JL oVUJtl »Ia ^ ^Ijtl ^1J 
Hearle (1959), and Wells (1974) 

*Ijoj-jS spatial resolution JLil J_.U~ jyu*Ul ^j^JVl ._ U <-- UJ <.M y ^ 
^Lj^Jllf ^JLd.1 <jh oU>U-a jijj Cli iiilajj * depth of field d l ^ . j » ^ 
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liLtfbU Ldwiit Lj L i 5 ^ VI JftLlUft JL^JD* oL^ia-a tJ Jx. . ciLJSU 

jit x* lm j iliAu jl j l i >t L etching *jj»im 11 ■ -«■ «ti 

. <i fc 4 U ^oljll SjjjuJull oUjjSL* 

{ jic. jjUui h‘n n ji i»aH \ < iiiiiJUftt ^u*m ^jj ^ivi t^t&.t. n tt 1 4 jV > i *.>•«»j 

yi olj^Jull <&SUtl CtljAttl jt <i-*$ oL^Lu J^uaJI (jlu < <iLLJI.I* * 

. Wells (1974) & Kitaet al, (1971)- : c&wVI <£**._>tl <> sj^iuill ^ j3 

(jSL*J « O ) It C. litfJ >J W II I ( JA^ I IJii I Jl <AiJuV I ft Ju-u ^IjUrUJ 

^jll fJSjll frc. tfjjll i I > ij Ju ^ V (J-Ill J —^aLtoJ l i>» S J Jl, * . M l C£ j *1 

. (Burrus et al., 1973) 

^ JakljJlll ljj .M>i ll > 1 ( £**LJfj irt all JjLUj <- j j hj 

t-lLW ^Luul l^ljLuk|j Jatljlll o(jj^*i(jjSa> £ lv(j 

• JdhufjUtl yi Huj. ^i II cJLJSU ola^u*lll Iji <UqV>i»>U 

Xnj 4 Lull XiCi J Jfc tlI irfill JaJxJI uJ X <Ljki jajLuJI jAAitl Jjl_u_t_uj LaS> 

1 iw i tUII LL 611 | ^ujuI l^ilJhjJa^ L^uft^LtA^j juI^juVI 

: uiUVl fjA <LujxAll l _yz (j^JI ^LS —X /X 
Optical anisotropy in fibres 

Natural and synthetic fibres : _>llfj a«»ui »JLIVI -N/t/T 

<>* ^Uft 4 J>Lk LSIj Uo l Lftl n S *i < I K\ J ^jLa .1 £ IjujJu j ai I ^■>*>«« 

11a . ft4111 £_« «j <<->11 JfcLu < IjLu&l ^Lu <UL < <_ujll oLuj_aJI 

..tkil.JljULJI electric vector <aJLtl JblUL Jclioll 

: Ujk ^LaLjI <aJLll lofb. LuljluJ 

. ftj ,A«.i.tJ I j ftlaJil 
. <Jc. ^4 j.«aJI ftUJVI i ji —Y 







optically anisotropic ^OUI <lLl* <JLJI aIa ^ jaUI cJ>y 

^ ‘ jLolitfl J 4 UI 1 - £JJ> jU£l ( 4 ! jjjiy 

jL^lVI o-Ujj - *L^VI^ > AVI J s J _ H t_Ail jj^d j\j_+ *Uj| 

*-iLJVJ jL-ilVI ^LL*^ Jj-±±2 Cju JjjUL birefringence 

ijoA^iJI a**- 4jlJ (A t 21 ‘ y o-Jiail Cilljja. <> <u^jSlIj IT .. . .LI I 

*i* Jiiy, l+dll ^ LlH <jjO* o***-} tr* , 

• ^oVi *—iLii 

jA- 4«alL OoiVl jLilil aLviI JiliVLeiLJSU u ^. l ...:i i . xh 

< u > f it VI, J ok. ^--adiVl jlJI ^11 ^i£ll 6 1a y U5LHVI J-^jj , JjAjuill 

^L^JI C{U i^L* UiU A^yj , -ok ^^Jl aUsVI ^ Jl>a ^Jl *Uj:I 
cOLcLill I ^1 jj , L_iLJVl ti^J oLlj •> I I <jjj_usJI -j^*l.»i-Hj , >t j^| 1 . .11 1 

Jjl* jL-ill tUlx* <15^*5 <*Uil <Llui eiLJVl *41 <^J[|5jjUill ol44>jJI C& ILlVlall 
*1|J <U&I ollijaJI £j±ad LyLu- aLJI J\ , dii1..,U -j .^11 g j; « *ff 

r , L *‘ 1 “ 1 - » ^U5>U <-u>*^l <*-045 (Bunn, 1949) aLviVI 0 uk> ^ ULJVI 

Sac. aajSj, A 

JAj (Becke line) dul J^UII j*JI <L> ^ aUVI J*U. c&uul 

• y^ill JifjSlI 

dJ Jjli ij jl , t .l( <a_^jLUI Ajukill jL u/v.l i J^L*_» dLal J^aLiil JLaJI <JL}jL ^Lvj j 

‘ (Hartshome and Stuart, 1970) * J} * .Ml Ul loll J>*Vf <> Jk - s^~ 
<A fr*4$* jLuiil J-*L*-» 1-ij>*_4 JjLu ^ Sjjuuill l jiuJ£ du <LjJa 

A^aUaII A 1a . J1LJ0 *J J « 4 ii J^Ull XaJI He. Jal J | Ujj , ? . t t T J 

jLy^iVI JaIaa jj Ja^ll aI^I ^d^SMjJ ^^*<111 JaVII 11 a J A*i J^yJt 

ajjjlmJI qu dAuli ajL^j ^1, iLJS al l ^_»' _> ,5.H LuijjJI £j»j ait dl^j 

jL«iilc»iL*U-* I 4 J A0<ik*4l ^-*La1VI ^Oil JLu»0 J u^*d> 2 r: ««» j 

L.ai«. is±l\ JaVJI (J klL i3 . 3L,L.c jU^il caUl*_* Lfl Jil^ r l .*V’t.- l : 


matching*L aLaIJiJjLmj JjLJI 1 ua u * ««> j j« SjaiumJIj jSluJf jLu^l^1*1*# 

. <La^I Jji* jIa.i uL i lJl l » j i. r ill Sj^nubuil jluXil J^Lu* (joljj liquid 

n 11 jL&ll yt*U* Qu J>ill (birefringence A n) cJL5U £>jjil J 

: <Jc (£ 4 >a*JI *IaaVI (ji n 1 < ijjuuill jjaa *UaI 

A n = n 11 - n^ 

i>uaUJI (^cLotll 'ji Lf^l »•> . . . ^jll - jjaIIIj ^>ua1I JAIjlIII JjL 
* * 11' ^ 1 cladding core * j u i« l I J jLu^il ci)L*Lu & »«" «< — (jyjLJIj 

• vfb^ 1 An s , An c M oiUl*A 

oIj-aLU qu IpkAjS JLjJii Jjl Nt "Kuhn and Grim" ^alj 

o* L^Lusa^ uniaxially oriented polymers Jl>a JU LaL^l 

o* olj-dJI c >a*a jj^aa lJLJVI uaon aicj. JL*j£jill ^.i.t 

isotropic l+iiil ^ oAj -iUVl ^ 6d^ ^ ^ <> J^ 1 3i> 

SjjM^aII JaIj *IaaVI £a Ujjii dyx* «Jju daIjaJI 

ij* ^.Ij-aJLu4^U jvLaj< jjJiciLJi ^Jfe JjaaaJI «wJLJVl *Aa . ^ ^. 

o i l I eiLlVf *JA uiaI5uj < 4 IaLaaII j«.Vl 
. vaaaJI yi ^aaIuJII ju2JI jlai* tr Ic JiLull ^ jc 3ajj jaIuj < (anisotropy) <£L*i« 
k-iLJSU^°an a ,n£j L < XW ( c£L*Ua>^a*^U»~^ 

• caLJVI *JtA v iji ojj L| i (iLuwl yJe pit * a jy 4 aLa q L^ jU . 

<L*L*a£ 1I J»i(j^lf JLuLLiluilj jl...<wi »l«* 

Refractive indices and bond polarisability 

4>a(jaJI *Ia I->_I*k I ijjui <a_oA| ^iLJSU tuLltl <jj j.Al l ^ t«~l Jjl 

jjJft cijAAll ^1| iillj * SjAAoill jjaJL <i i mt b oII^aJI j*. Halil <ajJ ^c. oL^jIaa 

*jf(j. LfAAAjLy t-il-JVl iXy.K.l Ij 2 /.Ij- .o i ~ f ^i -i -t i jjfc 

"Denbigh" r oJ oi^. oUL-JI ,> ^ *^| l^jJ <1*^ j^L jl^ul 


-A— 




.,1 molecular anisotropy ^. iti \ ^£. 

f. 1 *? 4JT* <LlLiLiVI <Allll ul mA (jJfiJ <uLuli£]I Jail j)jll «LiQa£Lutl «-» 

M < " > >» ■ * Jb « C**-* L^L * ..<11 Jailj^l t Ijil 

«LuLLSLutl « LfLiUaHuil I4J <-1 L>j< <LjIj J< <j1 "Denbigh" jicl 

jl i i i^i VI J^Laa uL. i> > U^l *04 q ft ».t ~(j . Jailj^ll *04 ^ua ^lf ...| iI ■-- 

^4 L< lill* • oULjI I4J ,jjii L.olt <LIj <J£ i^LLZL^I Lu^l« ^uajVj . I* 
?ILjJI *04 ff ^ <il jl, anisotropic ^IjJJI fcjLi* olj^l ^ JLJI 
jjOi <ja*L j-loj ^Jfc f t.t -a * floJlLuL J Lit VI yi * Lai VI yj c_$V-HVI Jlljl 

. ellipsoid polarisabihty,^^l«Vl ^au. o».l J^a. 


ttH»—• *Lall ^ a LuLLJlL~,VI -Bunn, 1961 - L^iVI <lol_-JLI tr L*^ 

: ctljoll oo*l* polarisability ellipsoid J 

a =^a L cos 2 0 + ]^a T sin ^0 

U 4 c^, a L . «*UI *L*iVlj aLaI^I ^ ^4 0 ^. Jailj^l JZ Cr ^ J 

' *r*A>^ <jk <u-oj*Jlj L(>kJI OiUaSlwiVI 

• I fcL^»l <_|4 <L iU*Hui VI uL* (jiw dua SjjL <JL ^Jt <1 jL 1I *04 
Lorentz -<LL-i^lokl^LLilUl^VI<>*LlVI I04jL^iVI J*Lu* v ---^ 


n -1 M 4 XT 

2 - d-3* Na K 
n +0 


: Lorenz 


*•^•*0 uijll M, nji n^jl n v r u , » l, U I jLu^iVI J^i *» n >««■*■ 

Sjj^L <LK *o^l LILSImi VI a k < oot N < *jl_11 lit ^ d < J^L 


• I AIimImI 


j|—uj&VIj jl— m&VI cqL.. *1 * • (N WA) "Hamza and Sikorski" oi(j 
Poly (p-phenylene terephthalamide) (PPT) Jl i-iLJV 
LiLa^ll Jailj^l LiUail^l folj (\\V1) " Noitholt" <*04 tf oll ^<^11 Ij+l ^i^aJI 
"Bunn and Daubeny" j (\U.) "Denbigh" l+aoi ^Jll 

. Lorentz-Lorenz <i*w* 
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J> *" i V* yfil eulUSl ^Jll JUVl -T/T/T 

Highly oriented fibres : r t|[> 

dtf d>ti auvi sluii ^ SjjSil , PPTJ| 

J ‘ l “ M “ 3 " i ■**‘ il, ^ • 6 MJI* VU (A >a JUILy. us. UjS 

^ 0,1 ^ M > Ji-s ol 40 GN m-2 ^ j., tensile modulus 
au idmi au 0 !^, ^^ Ju ' 

*“ Jij3V - >i “ l «W • high-tenacity <JU1I xJJI^dj ^jUdl 

. ciLJVl <&> a-> U 

^ (mA) „ Kdler „ ^ Jiu3lloU)jJI>ji5j 
i*Uif Udj U*i. ^U3 folded - chain djdj*!, ^ 

Voli^JIaUVUt.i^. yUjJH l^b^oWflAUIyA*^ 

• PPT Jl JlJi Uid high-performance organic fibres Jl ilLdl J—-at 

HjbUin^UVj. p PTJ| ^ 

•-»uy I *i+J JUiiVI - jLfdfl iJU -ciSjS L(J ylid .ijj^ iSLjji 

• la* >*i~. extension aoad ait (elastic) U^. U^L. 5 *^, iV .' ^ 

. composite matenals S^ljitl J^JJreinforcement 

oUUillj WJI io^Vl ^ (\”tVo) •• Carter and Schenk " f ,■»... . ^ 
t. JLJVI ,> tji) | )i4 j dLjdl ^Ijill LjjI - jU<i!V| 

*^u i o>^IJ»-c 1 ^l^^a4xyiJ.U J ^UA,<^a^ > , l' ( ..tj 

(High-angle) Sje *l UUyi ^ A WJI odV, ^ . ayV( 

. lattice order jS+All ^jlll 

^aUi L*iJ u-Ui Ja PPT Jl auv ilill Jooj aU (\W 1 ) "Northolf ^ 

: monoclinic JJlf 

• a = 0.719 nm, b = 0.518 nm, c = 1.29 nm and y = 90* 
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PTT Jl cJUl l At (\W) "Dobb and McIntyre" ^ 

• <LuLj4aII l| iAillA^J 

*Lakj| iji olljj-aJI tulj3 <Aj^]a n*^~j n jLu&VI C^LaLaa 

£j4jil ji toit VI CiiUtjU* fOA fulij Lulu « <J& »LajV I I jj - 

•jLJVl ^talu 4 JkJ n'n J5k ^1 olljj>aJI JlX-Lx^j otjlJpj ^lialil Ia>jJ ^ » ■ ‘ <LjUjJL 

jjl» glLii (jlj oLuuLlaII kjjk t it. iA*» L* LJLcj, Lb^JI ja(^AII tuLl> 

«UuiVI t-ijJojI IJ <Uj.A.t JI OuiVI 4 tiAtfja.Vl (j atl 

. JftUV I uXjj (jt <lo l^lk ft j j xfl ^kul # IjAftl I Caj 

jLuuiiVlj jl «.i<iV< coL»L>-* ^oJ (\\VA) "Hamza and Sikorski" - 42(9 

>><^11 L^jLl JaJj^II 1 * L>jajl mlj« PPT Jl uiLJV 

* J J » i * JI J J t < CMLaJiVI M ill JjJa ^jL^I ^^ajjYl 

jL-oliVlj jUuliVI oiLLu cmub ^*U(j jn«l 411 ^JLill jlul 

ftjjMij n^ — 1.656 ftjl imCJ JaLu JILu ^IjaIuiIa i\ ^UkSUI JUV 

: j^SVlSk gj&ll CaaISj « <a^JLI JjJa 

n" = 2.267, n 1 = 1.605 and An = 0.662 
Ij^ <JU ^jjjll jLu^kitfl <Laf2 ^* a, ^d3 • J>M4^ 01*\ = A, <a^jll J[^L Juc. 4 II 43 

• vjuiSJI tfja>Vl JLIVL <ijUIL 

, jiLiill *jL* j LXJ c*>L*L«Jl IjjjjAjljj <L»jJaJI galajjl £li($Jtl ^SaSI^j 
<LuJall JlilVl (j A» J A n gjjjll jLJmVIj n jU^iVI o)Ubu ^ii ^/T| yjj Jj jall 

. Cu^jallj 



ciLJVf Ann 1 , n" jl^YI o>UU* : (\/T) ^ Jj. ? 


Fibre 

II 

n 

ir 1 

An 

Cotton 

1.578 

1.532 

0.046 

Ramie and flax 

1.596 

1.528 

0.068 

Viscose rayon 

1.539 

1.519 

0.020 

Viscose rayon (skin) 

1.5563 

1.5282 

0.0281 

(core) 

1.5536 

1.5304 

0.0234 

Viscose rayon (skin) 

1.5453 

1.5226 

0.0227 

(core) 

1.5441 

1.5247 

0.0194 

Wool 

1.557 

1.547 

0.010 

Polyethylene 

1.574 

1.522 

0.052 

Polypropylene 

1.530 

1.496 

0.034 

Acrilan 

1.517 

1.519 

-0.002 

Acrilan 

1.511 

1.514 

-0.003 

Nylon 6 

1.575 

1.526 

0.049 

Nylon 6 (skin) 

1.5533 

1.5448 

0.0085 

(core) 

1.5512 

1.5430 

0.0082 

Nylon 66 

1.578 

1.522 

0.056 

Terylene 

1.706 

1.546 

0.160 

Dralon 

1.5201 

1.5234 

-0.0033 

Kevlar 49 

2.267 

1.605 

0.662 
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: kJL&U | -t/Y/T 

Layer structure in synthetic fibres 

Jiljlll yji (N^AA) "Hamza and Kabeel" ^ 
oXfll *Ia 0 U.I 3 J c u ^ iij, jUuiiYIj jLu&YI o>Um 

cacj undrawn jjL cJLJVl UtLUl .-. la.Ln ^ 

jUiii (s/r) jiddi . uj. ja 

=A,) JjL jUI «.J r»r ». „ » j^JI ci(JV 

• (v) ‘ jU* (1) t,!yjiiuoH, \ 

^ * <jl*Aini 4 I n 1 n o ^JaLmI <jjaZ1I 

c.^ (f°YY, © Jjc. \, 0 . \ 0 CjL jLu^I 5 GU Uflu ^_JJ 

cU.lxiJI <^sa £+15 oj-fli oLixL • S j-lj ul < • 1 

. Sj ja . l JI jjlc 















J&l j L < XW (j jL-u£lVI O^Labua c^uu gill! j£j (jifc 1x4 J -~~ a'- j 

(/^ JL) J ^ J*L«—ill m 11 JaJdlil uiU <b)^j JxiLil Jjj ■'*■» ->- < Lai ,«-.! a .L 

(Y/V) ^Jij . ^jLuJI all Jj i^i fl’ilL jp -uj oLLlLJI i jjjlLo 

*^^l cjUoJa (j-* <JLls J£l ^jjjll j L i XW ( j j l i S\ i I o^L*Lxa ^Ji ^Jc. 
‘ ^ ^ * 0 ijlj-a. 4_^jd Jlfc jJL^pU 013 , S = \ <-a<j-4 JjJa olj ej-t-a ^l.t.,4,1 «.uL 

: jji tL^lall oU iU ll jLLSi tJL-ail (jI £uajj 

= 36.3 |im, ^ = 18.8 |im and ig = 9.6 (j.m. 


. Sjd*j£ii ^ajuUI jlaSJI t Lai ,^jJk £ua» 
CJ^I {J* oj-i (jjVI ^jLuJI J.j* ~> a ll (jj ^UAJ« jJI L#£j 

4 Sj ja . ul l > i ' rftV i a LuiLu X jIjLoj Sjlallj Sjjjuiil * Lat I J}UL Z Ujldl* 

J^ljJill ydA *1 o a 4 (X, Y) (gj_Ludl Lf lc. jjaSU J<.i. ^Ic. J | U“j 

‘ JI>1“ *%>*-efcll f l. l a Jl '«il die. <Jdfll <^lj] (Y/Y) ^Sj JiuUI Qu4j . ^j^l 

. ijaujill (jJt SjjaJJI jja^a ^Je. ^J^j-axlIj 1^11 £>UkU^VI ^ 



^iJJI trb-P 1 >xe JdjLUl JiljJtfl ydA : (\/Y) ^Jj JLi 

jl>^ 1 jl>* (SJ^ LUM u* (l) ^ ^.l.i->~ tub ol 5 iLi <Hui ^Je. I j t»All 

(Hamza and Kabeel, 1986 >) Uj^ jc tf ^ ^ ( v ). Sj^i 


-Ao- 



V4JI ^1 jj : (Y/T) JSLi 

f I SjujuA M jX>* jjfc JjuJI £4 

(v) jj*i (1) ^ 

(Hamza and Kabeel, 1986 «>) <J* tf ^ 

ciLJV<ij£tl oliokii£jj>tl jL-^iVljjL^iVIo5ULt4pjil: (T/V) ^ Jj,. 
*jb* 0 i*\. \ Jic <*>U 0>L jU? r l^i.,.l Jk. Od±j)Ji ^1 

:/YY,o 

(Hamza and Kabeel 1986) 


The mean refractive in¬ 
dices and mean bircfrin- 

Refractive indices and birefringence of fibre layers + | 

gence of the fibre + 

First layer 
(outer layer) 

Second layer 

Third layer (core) 

Refractive *± A „ 

index of 

a 

”l 

n\ Anj 

i' i 

«2 An 2 

n 3 fl "3 a »3 

liquid +, 





n L 

1.5015 1.5028 1.5001 0.0027 

1.5032 

1.5007 0.0025 

1.5015 1.5000 0.0015 

1.5014 1.4995 0.0019 


+ The error in measuring using an Abbe refractometer is ± 0.0002. 
+ The error in n 11 and /»**- is ± 0.0007. 



Radius (pm} 


The structure of optical fibres : i.j.-.H JLJV| . xj - _y-/ r 
Types of optical fibres : JL^uaJI kiLlVf -N/Y/T 
IS ^ 1 <> £t3iW—I ,> Ujj^ _iUV I Sji^ vSji: 












*** JLm. step-index i-uJj ,> jULiVI J*Lu* olj Sj^ ,> 5j U 

core and L*J^ I J^U_ ^ tfi |l _-..-.n 

jUSil J.U. oIjS Jl iiLi.iL !je *jj| u J.U. <*J oLS, , cladding 
, 1*3^ SjU jl—ill J.U. ,> joii JjWUI J 5jU jUiil J.U* 0 |j, 

• t> ^ <J»LJVl c 5 J i a j J 
<ULa^ a jL-iiVI J*U-* *J ol j <£>-u (£/V) 

5,^uiJI IU Jacket 5^ jl,Uk ^ JUJUI culS U^USil J 4 U-. i j.».s ; 

• cJ^LVI Ct l t i 1 <1 n j (jluJaJI 

cUU-4 U.JJJU *±>—-ill ciUVL (£/V) fjj J^jsJI ^ eiLJVl ir ^ J 

» j_t»..U I vJ jL^ii J*U* < graded index (GRIN) ji.frYf 

ait jUliVI J-Ul ^ ^ LK ^LUI . 

jLu^iVI J-*L*_* (o/r) JiAll 

, Ctlj j «i tJ I jUuI (_j(jiV| 

: -SUVI Luij 

<i(>L^I ijUt ^. ia^lj <> jL^iVI J^L*_a Jji** olj ciLJi -1 

• * (°A) tx* (0 '* ImM <y» cuu-ij <ljlt *jL 

fij » * SaA.lj <ajJ jLaaliVI J*U_* JjJj^ Cilj Jljill SjLUx. <}>uaa uiUl -y 

.«(o/r)j^i^( v ) 

fJj ». ia^b <+jj ^ jU£YI 0 K JI^J 5j ^ yyj 

..(o/rjj^i^^) 

5j4JuiJI <J J-U^j, W JS^iJI jUiiVI J-»U_« 1+jJk HL ^ aLJi -j 
n l <n 2 n 2 Ujlu^il J*Ll« <JiljJI < cjGj-iL 


-AV- 


vl jL-Sil J.U* !«**,, JljUl jL-SiVI J.U. ^jiu __, 

: UjUJI ULU Sj^I jS^. ,> r Wl ^ „ ( r ) ;j#kJ j, 

n 2 (r) = n 2 (0)[l-A 1 (l)“] 

>tUA 

2 2 2 
A - A _ n (0) - n 2 

1,2 (0) n 2 (0) 

1.5 < a < 2.5 : ffill a ai'q, 

^ ^^ ‘ n (r) jUiiVI j^UJt Jci t ^ 3 

• (°A) J^ill (_a) 


jUSVIJ-U4 0*A* l^i , jUSiVI J,U_, Cjji4 ^ ofc 


r 



da fi^L*: (£/T) fJj 

. jL-iil oU5j » Jj*j 


.«(oA) (j) » . w JSL3JI 

r 



-AA- 















cJUVl ^ t lj5V J.U- jUu' 0 ^Ui,: (oA) fi, 

. (From Costa, 1980) 

<> jL-liVI J^ij^ clj <o>uaJI i-iLJVl ^* 1,^ ipVI ol_>UjUI . >~~ u 

: step-index : S^IjiUjj 

tf UI numerical aperture (NA) , (a) 

j : <IjUIL t_tjAa 

NA = (n Q 2 -n 2 1 )~ 

. S^^iJI j jL, jL^I n Y ‘ Sjjij-JJIvJsjLjLulil J^Ll* 

JLjuI&U maximum acceptance J[*J <jjtj ^Xu ^Lurtl wi 

r djlxtl <jJo*a ^ill V jiaI jLJL2 


-AS- 











. #j*alf Jjia yj A, 

• Jil 

t^li. 5Xfc tsy^l JM u-A JblU Sj-j^ ciLJVlj 

Jt J*^S 4***3-*j«j‘ UioVL^giJI j) JLjjlltJ^^j, jLili>U 

jLu*-« (''A) J^AII <^jj « »> . > « . * . 1 1 Ji/j x> A ■ “ -» JW-*cjl 5 *jj3 

. J^lill a i* yi *Lujj«a 1 I 

C“W * cr^ 4 ;L ^M I S^^SJIjv-Jll Jirf jUi. ^ 

♦j^jjLuliVI lUU-» 3?>,>il« S^*i (y) Jiill Loiu Jl^ill sxp^ t . ,*, (j) 

• JUUI 


(O) 



«> jLu^il J-U- cUij^ ol j JljUl Soy^ S^i (I) oU^il jLinl (l/r) JLi 

• JU*U Sjjjcj j LX .VI J^lx* <Lvjal* Ijjjui, (*_,) So^lj <L»>jj 

: JLh^JI UUBU WJjSlI -X/X/X 

Compositional characteristics of optical fibres 

MjI c^-uu- ^ cjLjvi ^y£ 

a&i j^iVl £jill yh. Jljitf 5a*ui^ LfJ jL^I J*Ua £jji* ^VIjJI^II x*aj 


-V- 











jL«&J > j—LJI 0^144 v Lall Kill..J l Cs mt j: m ah J 

^uUj-aJI o^u.Kl Ji- Jjaj LuLiL (n Q = 1.450 at A, = 1.0 p.m) ^<4.. J l 

. Rigterink, 1975 - uWbjji^b 

Payne and- jji**>ill ji (MacChensey et al., 1974). ^Lj-JL oLiVli 
olu> 4^ LLiVI Ll , aj <jl >. J I j L.X'W LaiS£_ i \jl — Gambling 1974 

. French et al., 1973 - Lulll *i* 

olj l+J 5 jL CiiK Ijl L^juJI olajll Lju-sJI »-iUVl «_ajjj 
%>—JI uiUVl (Ji*- <jli JIJ - Marcuse, 1972 - LpjJJi 5 jL jUKil J-L*- ^ 
a .*.. «C u<^L lS.L* jlw&f J-U-alajli-^^yLII. u ui <]^SjJJ Cx&Z 
J^ujujJ^ jj^^u5jJ^I Sat* v Ll£ ^7 _!>•—Hj-ill ji 

. t— Ltlf j 4 t IfJJ^—uJL I^jLjUUI J*L- 
iylj JjjJJ a(jll «1 a > , » <j 3 5jLjj <j] 1 * 1 1 > < I—*La Ijjj LLJtfl jlj_- y | j 
• numerical aperture ^aa*]! ^L-jVI all jf£j ijj * .*11 acceptance angle JjjuLII 
JI3 5 %, Saltl ^Sji oljoiSlI ,> LUtfl alj* SaLj jU ^1 L^.li ^ 

ur* oLjj«.‘ rf» ^Ixt La£ < C il. t i i ll O Lt t... a (JjijJa fje. t *1 

6 ^ »J| JLuLjjiilJ ^IjaJI LaJIi 6 jj«..J I 

i-JI Ljo jLu^iVI coL.Ua (ji jjill J—- Marcuse and Presby, 1980 - ijuiiil 
olj L>—Jl tJLJVl Ulu* .,. X Jl i^uLajjJL LLudl cJLJVl ^ SjJJtf lj 

flaiJLJ jL-SWI J-U. L±jXLa , 5aa.ljLj.jj ^jLu^iV| J*L_* 

Mac Chensey et al., 1974 - MCVD 5j^Vl cu-ju Jl^. <Ja*Jtl LSUKII <L>UI 

JU Jj_^jJ • ,x ^1 aJLill L 4 -J J^-aa JiUl^Jt J > --LaJI^(NW)^U ( yi i 
- Miya et al., 1979 - S ,00 = X ^1 JjUl ji* 0.2 dB km'* ji^lK 

&-* vAh (preform) Jlj ^liil: UWjt : (jOj^ MCVD Jl LL> 

Jjkj^r j . ,e c^ C jlj^jUJuj5j e _*^JI oU-aiIj-* ( 4 !5j_iiJijvJ^jjUuj« 
o>^l. iAl .i.Lylljlll * 1 * j> Ifja— jjjL jt oljWUI ^tli] ^ 5 < oIjIajIIu. 




ij4»Al( jU Uu, ^jl V »X» jii.jliojSy.^L^S 

• ' + \ t o (sjLmj 

o*ijfr,\±x.\ .uill<>i*-iL5U^(^Jl JLJjj Lil ^ 
J£-*&) - MCVD S>iuVl cm-ijL ciUVl *jj» <ljjJ| 4/. k. .<H ii^Ji 

glass-working*^ *1*11 * W ^ ^ ^ ^ - (V A 

jIm, S1CI4 ujS j l .t ■ » » xjj^K) iLLL-HI jljil V L^S L-44X. . ^ jlj: lathe 
0 &X>*±* vfl j^l^jj. c*3—£Vl jLs Lfk^j ( GeQ 4 , BC 1 4 JLLAVI 

^jUII jlji.1 Jc <%>^u d/Aj, o^ll o-ii yi j^l oUuL. ,....^t 

• V^ 1 Jj*\ Jjfr* J\^ , 

SjU j£ji cuL 80^(3 *jj jL^VI J»Ul» Jah u j i> ^, ;Lll j; . -- ^ 
jL-^lVI ^ Ulw, **Jll oliuUI J£] <^LiV( 

J»Ia 4 ixJ Jl ‘ otiJ«JI xix SjL) £_* JLLiyi jl^ ^^ 

^1 5j |^ ^ ^ <oL«JI ^ ^ ^ jj ^ |( . j( ^ ^ ^ Uul . v| 

ur* o-* ‘-•blVl wa-Hj . 4 X»UJI (J Jfc J^aa^j Collapse Zjj.ftH jig ■-*.l 



VfU-M,>i JUa_ai *SL u « jffl ■> i ll laL_t ^: (V/T) ^ jo. 

(MCVD)s>,Vl 


jSjtr »UjI TR.^T. B ,. flow meters oljLJl . .i_....-.i 


t-!>* 





(m.) "Marcuse and Presby" 0 LUJI 

• L*i etching (J£i3)cU*f »j j« < M 1 LL*i u —^^UlI • 1 

<& o^l jLib« t*J 4/LUI ou^jSII o-il. Sj^f iiliia.1 |jj| 

^ ^ JJ Y^J « Wl JW* <> Jst cuAai Jsli i-iUVl < 1 U <id. J£ ,^.. r 

. oULUl <> <id> J£ JCutt ^ jlu^sVI J«U* 
^l^sh u^l s^-uii vjyvij ^j^iii w:^i ^i^ji ..»»,<^ 

<A*j^ city - Presby et al„ 1975-MCVD :jJif V --- J “ ; ?K.n 
^ interferometric slab method <> J$^ r i t »^.., i ; 

• C*“ UI uU)^lV< - ^UJI yLII ^ 

oLiL^ll v* -^we Vi— lh» <> g^l vi^J^ 1 u» aUl 

A- ^ jL-liVI J*U* oiUiil J| <iUiVL sjjjuill jiJLjj oulllll 

^311 S j f .? JI ^jk jLm£;VI lUL_* cMjlh o^i Jtlil^VI £*.jjj . central dip S j .«.»■» 
jIj^, jL^iVI J*U* jji 4 -lU dl^5 ,jL-^3VI J+\ju> Jjjux v 1 ^ 1 <> 

• 0*^43 v 1 ^ 1 u* ^Y 1 Lu3 

>Udt* N* ^LuuoljpreformcJlllI <±^k^ 3^.*.« f .< 

cl^j^uiJI <> *CU* oik. co-a^ « r i -«i?.- i ; 
(Burrus and^UI cr U>^IV» J^la3ll 

^ill preformulUII y ^iJJI *-u£>3lf 4>?«j*1* <> glij, Standly, 1974) 

. juoUl Jil«i3ll fl.tVi. J jit <ilc JVjSamVI (ji»| 

- Presby et al., 1975 sJU <> ^Lill Jilxdl ^ 

5j_*«-Jl ij£u ^ JuLa. ^Jt ^< 1*^11 J^ljuh vyUA preform 

1^3jU ^U3 j^, U. . Jo^f^JLI vJLil ^| t 

Ua tko. Sj^ill SjL* jlu&l J-Lx^ <> Jil LfijL* jLu^il J 4 U-. .» KJ : .-t jjj.H 
v 15jL * vs^j 3 rii • UjLisii, Sj^iudJi *j j\ <xj> j(j_. y udJi 


~\r- 



Ji-Sl<*» s~ jUjjl<3.(fill GeCl 4 juj^s( iL^ 

SjUI aL—S jL} e Uj> jU-iiKI J*L«_. 0 2 ^L*!! 


. <jLUI 

Jl Ge CI 4 ^uUjaJI 4AJJ& yxi-jS ol„>* jjft SjL* presby ^ is 

<> W 

^IJJI V^>^ ( JllaJI jj^a <k*>i. Cao^l, . *_>JJ»- 4 iJI Z J .*111 

cUU-^i J^II^-LSJLuSSo;^,. u^jSUkjJS^^UlISj^^l yIJilj 
(^>Luj 3 A n UjIUjjjw* ait SjjfcAll v-J jlu^ll J*l*l Lul SjL 
UjiJI fJUIl J^i J*. J 2 J.GII ij£ Ji o^ll jUi L£ .,. v\ 

• oUilnlI tii .Ui\-> it 

Jiljsll ^ r Lii^L - Barakat et al., 1988 - -Cc^^j ^1 £jlL 
l^ujL^iVIJ-L-^ Jjia S^uuiJI<_JoULL Ijju^ 6 i >,.•;? ) 

^ JdlOtl J K y^l\ J^ljjUl v x* Sjjji Lm . UjU ; L^I J^U^UoL J$ 
L ^ iJ( J*k3H VH* <ijLilb <Sji >11 l^.X yill ^JUIJ ,,,_~ 

o'***- 5 ^ ! V* ^^211 L* .^SJI Jlloill v jji (A/V) 

n (r)^< Jl^u Sajljl. jLu^l o^Uju. U 1 i=.LLL ^. <jn z j; . *jf 
£-* n ( f ) ^ <*LJI £xj 2 , Ar<JuUI t «L...i 


n (r) = n 0 


1 - 2 A 



r cJ j^j-* <iLJU 

0 <r<a (3.1) 


• tj jt. i t JI u) ^IaS 1 *■ ~*‘ a ■*■■«- 
: <IjUII I4 _ >l r>« . " A <jji dij^j 

A= (n 2 (o)-n 2 (a))/ 2 n 2 (o) 





^ Grin jL^VI J-L* ULJVl JL^JI UmLusIjj^^ 

m 5iJJI^LSr m Jx^Ar Uuac jLli* 

0=r 0 < ri <r 2 . . • <r m . 1 <r m = a 
( r m - r m -i) * “ - Ar = constant. 

• * 5^1 jLJuVI J«Lu 

n (o) = n ro > n r , >.> n m = „ a = n dad 




n(r) = f(r) 


. GRIN Jl JUVI ^ j ^UVI *IjUI „* 

<J**± *J - ‘ 5 J- “* ■ cr^i < i i. tA VL < »j. j t n . l l m oLLL *j_t 

^ * ,rtl ^ »4>^ o^U v t . rtn <JLJ» J£ , summation 

: La semi-principal axis^ju—LuVl 


4AZ 


( n ciad- njr f |, ja, ~~(n T ^- n clad ) a j, 

/ 4AZ, * \ 

Y m - l ’~\ nr ^~ n *-i) r «n-i>.... 


. Jwaill yi L£ 

ciLJVl <> Jii^i ^ ( 1/A/r j 

v ^| t f = 125 ± 1 pm GRIN JI 

. o^l) wedge <»L ^Ij: ^ 





J£ Cfrj <iLUI cul^j« ijWtJI oj-4c iCL* L|\n £•*j — jj « >1VI Uaj^I 

*j^b J^LJI cfr; jj« 3 Ualej. A Z ^ QjiJIiu cgkaji 

Cr* jL«£sl J*U_* ^1—3 <1U. Ij-tU) ^Li *>* Jiii IjLufa* £±Z 
. (*LJVI o^i ^ <^l n L = n clad Sj^iuiJI i^l 5jL jl^il JaU* 

discontinuities U Uk ^*1*3 LfiLi i jj ^ill U Uki. Jui+JI ^ Uu*y 

IajLuII oU jU lt j t i.X tVI J-Lx^ ^a»Uil jjt dli gii^ < oujLu^j 

ul^=OljJ< <4 Li VI jlj- <> KIjjla ^Jc. ijjlaai 

li* Jilx jfLi yjll Jllii]l ulj JlMiljijJJuiJI ui <iik« yi 

1 “) ^ ' kl * Ci>LftLa_* L|i JjljOil » l l-A “ , ..L J ^ *11 I A A J | tx , I j > m .M l 

“ v*4^ (jj^ 4 '“‘. i7h -X,Z ^ h*\j < ^u/AyT 

(VV) JUJI -Barakat et al., (1985) invariance - Jl iSj^k* An, a j> J£ 

<>• <JLaU J£ jIjl 3_J Jj-=kjj. c-Ujj]l jxxIa jU^VI JaL«-a 

; o l * a ?oj * ^ (X,Z) cS ji«J.I 

r m " r m-l = A r = 0.1a = 2.5 (im 

tJ"* -4 4 (n« - % ), m = 10 T o ^jLuu (a) «j >» «?>H *_J jJLS ■ ».*y 

m-1 m " " 

■ •. • • t ♦ (^jUj 14!* J£ oUjj j£jll jxi 







<-Jf oUj-UI J^a-i <jjj jOAlii ^j-uiJI JiljJLil v jm 3Jojj_i : (A/T) fa J£*i 

*■ y 1 uu^. 1 * ^jj^** * * tjMull >■ » Ifil jLuiSul J«|ju n .*.n i jn ai i 

" ^ \ jy* l$jji a< jLu^il J_aL»_aj i ^«» Xo l+J jt»« 

. ( v ) \, t o aa . (i) s\, ntr = n L ^jji jiUjL^ii 



J&imM If-Lt J+Ljj j L i Xi VI J-»U-» Sj J Aa t JI uJ Jjijjj fij J&*« 

• , • NA = A II i SjJAtlJI jit jLa^WI Jabu jaUmI 
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J I jll I oLjujLujI 

Principles of Interferometry 


: JujJL. -\/l 


tP ^2’ ^1 C*La^>JI jL>iJI <a^JI yi 51U. tu JjlUt 

cm mJ JljU <1* A i fcjij oIm >ua > <> c*aJ5 wavefield y^>* JU* 


extended quasi-monochromatic^lj JjL Uj LU 

(jc P2, Pj ob * fc.L>iN cr* JL?dl II* Ji , source 

O* Cj£?-}±)* ?2» P 2 L)lllaiill Ijli . JljJal Jjx. ^jL^u <jL.u.4U I »| 

Jpj3j5 jjLii (ji ol^ujll Jlj^5 Lilli *Ju die oU^II <-*— oljai^l «jti L»| ,A«.. 

(jplj 1*1 ,rt V t>* ^2’ ^*1 CjJ^laSlII Jjl fjl y l l filt I Ifi* J£ 

C u Sa(PD==SP 1 -SP 2 )^S^I>(PD) J L^I^3>ll^^ tf iJ| aJ| 
, LLt <jjLjj1a ?2» Pj «li* C*ljjiA2JI UJ$4J <X Ja^jlII (j-a^ll JjJJL I J««■» 

^2’ "^*> 11 ylll <JLaJI (ji olj J » 11 1 *OA £jU <J>Lfc JljJkj 

l/^ 6 JailJI *> 1 PD jLttll (jl Jaj^ui < ja£l <[iLuuj 

. Coherent length lc JpJjSl I J^L <> ju^V ^^*^11 ^ * _ t l 


l c = C A t = 

An AX 
\) X 
AX 


C 

Ao 


Ad = 


d = 


AX 

X 


c_ 

X 


I c = 


(X) 2 

AX 


AX 

X2" 


.C 


:o^ 


■ JJjlII C*li^)J v jj i fi ll lrt~fc ^Liul A D i I A t A 






^ p iUi tf i a>- region of coherence Uki. ^ allay 

L^Lo U^ juJ d ] ^.Lt...: 

tfill JaUiU i.UjjU a-Li. Jlial ^ cu, Sa1 ^ ^ j(^j <* 

“* J e^ 1 *' ■#* ■ ^ «* P 2 - Pi UlliM JJSII a_*t OUMJ, ^ ^ 

oLiill .LEIIaSaiaaJ^f j^, yJJ , ^ ^ ^ 

J.U.V! uj 4 Ui- !^ Jitc^ ^jlaS^^ ^^ 

jj-^.,>P2,Pi L,^ :(J |. Jli( ) ^ 1 J.i.-jf 

U* v Li ^ Ji-laS ^aa ^ ^ £ ^ ) _ tfX> ^ ^ ^ 

oiP— t> <>-i P 2 . Pj O Ji-i Laia : alia Jliy, cjjUj, ^ j^, ig . jV| 


.<*ifcia 

Division of wavefront : lUjll - ■ - ■- _y/$ 

• S-X 4 - <o'j ^ Lu^l SaLJ, c^> J\ Uyll ^ ^ sa. a^3 

Young's^ tyajtl jah ^ ^ Jilaal ^ ^ : <1L.I ^ 

■Fresnel biprism ySllilf Jl^i ^ Fresnel mirror Jyi ^ experiment 
- ij-t 4 - «ul— ja-:i u-ii ,> ollulU yLtUill jai oVUll .ax ja.^. ^ 

• (V* fijJ^i) la.t--J.ljL. th: . 



• «w» 0>UI ja— S . gijJ .jaii ^3 . (Vl) ^ 


: <ldUXI <> C£i 8 jjLII Jji ^ lUoaIj 

5 2k 

= ~— (Path difference) 

.... <r, r,\, Iji*. <s} t^in4u».(8=2mn) jkmX toL-jUll 

: jj O Xj|) <iUtt4 

X m = tn X D/^j 

•Ct3-3i» cjski JSUI cu ami ^ d, s 2 . s, email ami 

,ivlj II JJ-lll jiiy liU. SjjSill ^iil JiljJI u^jLL. J£ 

k~^> 6* aliu ,jic. oj^JI eA,. cosine square law flmll ^ 
f U .sjm. tf i „1 e>S= tf i tljil! > <*,1^ Jc ^ ^ 

; sr*^ f 1 Srtl? ti>* co*** u“o Cjlajill 

I = 4 Iq Cos^ S/ 2 

sA>mi iiaii (v/t) fjj ji^ji ■ om.41 . K ii^ ^ r 0 

• JmljjJI <mjloJI 


• Ste. *■ a. 1^1 I jj-iyc^aJI JaJjlfl c_jJLA Jjjily 

X = (m + -i- ) X D/ d 

J^i ^ ^ m (A X) emtu Ciim. ji ec^ e^ lK i* 

■(vOfjj 


hx 

’ yilliH JiljSJI y.U *JU yi JLS^I SxAll ^: (Y/t) ^ JLi 










jLmJI jji 5 jL> visibility of fringes II v xi c* jj 

*L^j4 j* ' ^ U • b*L*3 <.^^11 JjJ* (jji (jl (jiuV j .t «/> 1 1 (j| itu ,ti> < ^*|J . am 

(V* O <LSHI jit lja«j<JLlll JUnII ySj ok. visibility ^Llll 

• >uaII Ijfl coherent length JLJjIll J^L ^ (j*>*^ll jLJU Laic, 

U* ff “ **■ “ * <>• <a>3lJJI (jAj-*h JUjlH yOfl jll Jli_a Jajjj 

• i> jaU-all |wm. iVj All^. Rayleigh’s refractometer ^Jfj 
' 4 ^?* f < »»* h > L^ LuijJI <1 q^u(jj <juiVl (j-* <jjljla uj^H5 linear source 
Cg^jLuL* igjbu-* (jUL&iiJI £_j1ij < CiLui L 4 IU S 2 , S J CjUaJifl* Ujj_>_a jlc. ia^ll 
cr* i 5 >-* *~ o* o* phasor Jaw<j ^ ^-a-» c^e.1* ,. U l ^Ik xaj ^>SHj « Lain 

-4>kk JSuui ^jlc. Jllx <_>OA (jjlSj * <£cbLUI Cju jjUI 

^liliil Ilk .u.i, ~k 1 (j. (Y'/£) ^ 5 j J CA JI jji jjb L - ftX 1^2 <i m jL«il 

zercKjjXuall LJ4II ^Jc J>-o -> II white light source ^ 

duai t « | > > J£ (jJai; cJjJI ^aii ^ij < J^t. rk >., ^ 5 ^LLc.ja.^ 11 order fringe 

• (£/£) j»lJ (J^UI jJI L£ < oyj l JL?k.a 


I Jilaal trlfc (S ah yJf b j4*> : (V*) f^J JS-* 

Phasor 
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t** ^ olj Jil^l : (*/£} ^ J^j, 


Division of amplitude : iujl t/£ 

***“ <«-. ff~S «jU V*VI oJS ^j^Jl JiUM ^ 

J.U-. iijij iajj— ^ .J^UI ^ £Uui .ki^ Uktj . UUjJf ,-. IS ; ,LtI I 
<-»ol i * l 'i> *»j?L)D • ‘b-d 1 ijj pdjl ,1a UUL.. n t ( v.i. j i...<-m 

cb*i ijiUI . jail jjly , / , 1^ tf 1 JJJI ^ ; u - ( i J , 

■^1 •(•-£) (Jj J£JJI ^ ja US, U^iil jiVI jdxJI JjLU tJ U£l ^ 

>*>^lo..>^..(^/?^j -U , l( ^ )<lSauii(£i| . |Aj ^ Bajs) , ( 

be^ujji jijui 

jUU-ill J^y . C tell k* .> Oily , J^Ul! ^ 

^ to5JI ^ U^^ c, A ^ ^ 

<f “ Uj " & ldu *» • aM* juu yiA ^ 

Sx. D, B yOkidl ik jjlUJI jiJUJI uUji 

. uU^ijU Uui U 4 JI 4u^. juai a* jah Jila v x, 

t " 1 " U ^ < *‘** 111 «! Ji,ai to J^l -.1—11 J> lai ^1 

U "‘ J • £eJ> yji r-a b <uai ^1 ^1 t u^n j^, Uj ua . wn ^1 

0 U D <Uill J\ J-a w 6j ■iu^u . B -?jUtl iiL jUVIj .Uavi 

D' iklill JJ^Uaj jkVI ^UjJI 












BD' = nBC + nCD 

flail^. B <LZUI <> j^j ^ LlaJI Jk US jULulIJ tfitj 
L*J D, D ale ol . E,D <£iLlUI jj]JI ULi ^JUJl^j 

US < < J 3VI<laUI<*U:E,D yjiUUI ale ,^>11 c& j^JJI jU« j^l ^ 

‘ ( a /i) (j*g*AU 

2 n 2 k Otp 

— ED ’= — (nBC + nCD -BE) = — 2ntcosr 

X X x 

' UJ^i jLlJI Jifi ‘ I J^ljlJI jkUal i lluAI < »i* ^ ?ll«. 

2;rc „ 

— 2nt cos r = 2 rrwc 

X 

mX = 2nt cos r 

• cA>-»M JUlalll <JJj yi m 

(7C) *jlaiu J^l ^ Aa^ ^ISxiVI aU; ^J^JI Jiljlll r (iii ^ <i| ^ 

A die jU , JLa^i / pl^ J^UJI 

/ Uaie B yJI aiUI £la_iil <xuUL n *j!ai. j^j ^ 

• (film/air) *1^ 

• ^ISAiVI ale < luAo <joa jjjSl la CxS^-jJ 
(m + ij X = 2nt cos r. 

t)jl^u_4 J^A / J^aLiil jtkiuJI ale ^uISjuVI ale jjLJI ^ J . i~M jjjSjj 

ola y*^ tjjSs <^ll tf aU1 ^ 6 1 a *L±Ljj . j*--H 

t->a-flf *± 4 j . © la^ixJI <ijlj LLali t d±u* ^jjSa L.ak. Oulu. 

crA i • fringes of equal inclination JUJU <yUL. ^ <*i 0 J^yi ^ ^ 

^“a*J (^a3fll c/* IfKXAaJ (jS*jj , Ll+itfL ^ lS jL^k £jSl^ £4>U »aaa»* 


— \ ♦ 0— 


^1^,131.^ JUflya.> Jb^J, 
yjJHf jljill^i^ifringes ofequal thickness,-U. » 
1-iVl ,> <j}f>U V>- -U- air wedge y U ^. j^, 

J '* U V^a Ja JiU h*u uiSB 0 UjU. J^, ^ jUi 

J V*ll ujfiB tfO-H lyi-JI au ^ . ^^iil . 

• la^ouK,^! 

V^l ^ eW< <> n CJLS IjJ (nt) tyUu ^| ^ UU Sj^ 

. fringes of equal optical thickness <*^1 ..I . u r^i - 

,> Uii<iU.Ui Jiljo., Michelson interferometer.j j.x.t j^, 
le£U jL-il ^ ^ UiUj ^ ^ ^ 

* yJUl 

Fringes at reflection 



Fringes in 
transmission 


r=t— 23 <> jliill Jic lySUI Jilaal c_>jui: (o /i) ^ JSL* 









Interference of plane : _ £/£ 

polarised light 


- Tolansky, 1973 jJiil - " Fresnel and Arago - . ;.--o 
: ^ Jcbill »af, JiU ^ ^ C[3(US-. CjlajJ ti^UI 


• MSOLh* C»Jd>ju-«-a 

IJ ! J> ul U il ^ ^ Ati.V* Ji (j2 


u '“ o- wm* a,. ,a, <**^1 ^ ^ 0U ^5t .,.. uli^i ^ti.^ 

. coherent jjliLJji. L^i J\. jSt ^u 

at - ^ JW ilUlU. tWIi* <i>U U1 iU, 0 vu lia 
iaSLS5aU (T) juniaxial material j^l<uU JaL.(\) ^ , ; „l.... oli 

^ a 2 " -Ul JUVI«1U ^ taillll dUJIj biaxial material j^aJI 

. birefringence ^>i>jL^il 

t " S * J 1 ** *U» SAUSU UaiVl Ji ( v ) AJX.UH ,> ^ 

: *=ifcLi j^l IjjUI Sj^h JUl* -\/l/l 

The case of a uniaxial crystal cut perpendicular to the optic axis : 


O^UA. Jl £ »i. l+±* {Tj^i <ijj , jj^ll <jjUi Aj^ ^Lcai Li_«, IjJ 

: “^ic^ tf all^Luill <JU locU- j^juUi. ^.Lst.... 

elec- ^.*£11 <*£>* vV* 2 <fO * ordinary ray ^TUI J jtutl ^Luill : ij 

0-^ oi^i .plane of incidence J^iJI J* trie vector 

. jLiSitf I *Usl xoiauVj tL(5 n Q *jlu^il 
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Jj£^ Vila . extra ordinary ray ^IUl ^ J iLiJI tUi4| ,. ^ 
• W %* e- «i juasri j.u. ^^ ^ ^ ^ 

^di j* uuji iig Sj ^ m jUiiV( h ,,_^ 

r e jUCI tjjlj hi t^ULUtl I^lLju (iJ ^ji 


n 


2 2 

1 COS r e Sin r e 
*2 2 + 2 


"0 


n. 


***** <**UJdl ,> JJ ^ ^(J (j KJJ.J0 

■■ uli i^ilUl > jLJI A,! Ua 5 2 ,8j cdK IjJj, jiij; 

5 1 = 2 n Q tcos r 0 
82 = 2 n' e t cos r e 

Jl^iil ,W (n e ' = „ 0 ) . ^ = © „ u ^ oi ^ ^ ^ ^ 

^. **1*111 ,> ja aeiiG Jtusiu* uJi L^I 0*31, «,SM 

^ ^ JL ^ V ' ■ "o «■ fUtol, a^i ne' 1*1 j ^ 0 ^ 

• eUjlji 

<> L*au;l fS ojj Utni j^, ^ 

V “ J.J>-—Jl eU^/A. R l r _....K „ ;il ^i,, 

‘ (V‘) f-Aj Ji-ML; A>tl - Tolanskly, 1948 .mi - LoJlu ,r,n ^1 . 
89= *311 jil^l ^ ^(*>1 ^ ^ ^ m , J(jifc . V( f |i ., , 

.uniaxial crystal jj ~ n 
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JUjUll lu^UI (^jluu uJi (”\/l) JSL£ 


: (juLtl tfjLu Jllj] yiA 

‘^*j A JaiLuuj < iiljktJ I Lni J!Llu yJc. jvxi-flj 'jZl 11 mi <jjjJI Jk<.».1 ^li 

<4 ji1 Ml 4 l^>kk J^i ^Jc yJJI Oi^Hi ' <W' 1 JL4» «=J-^JI Ljljl* 

j^^tL IjL Jl>ata 4 ^ ^uLu*^ ^1 ^ <iljku.VI »Ia 

cr^l j * lrt o* > . *■*■*» iaj a i m Lljj <j| LIa ksOtjj, o 

fringes of equal ^LJ .1 ^L-S v jj> ^ 4 ^, °\. VJ lss 

( v /i) JUJIj. Tolansky and Barakat, 1950 - tangential inclination. 

• ixi Qj I ■ «-*|t I |ui^j 



a>a ^ 1 ^ 1^1 «> JU^till j^-LJI JjM^Luu V X 4 : (V/£)fi,J£& 

oi oL±il O^f kiLoJI ^L* . ,t, tl jL^u _4 ^ Nicol prism Jj£jj jj-Ak «■ 
^LuilL h^jUII . c*uUi* c^ujlu^ ^ oLkiD v a*il ,> . 


































































































: a‘1 tfi negative crystal JJU. ijjl & ijU cal^^l 'em 
(Barakat, 1958) n 0 > n e 

‘ X ^* • L * 31 •> ****** VIS ij^L «U -T/t/t 

udJL>*^l Ce IjUJI ^jljlf 

The case of a biaxial crystal cut perpendicular to the acute bisectrix: 

^ cuLSi^ Jj Sale SjjL ^ 

•' J & «- »> jUI J> ua 82,8] cl ^ ."WJUM 

6j = 2n 1 t cos r' 

5 2 = 2n**tcos r" 

sin © = n 1 sin r' = n 11 sin r" 

• © V* V- <jjlj <IL. ^ jUiiil JL.U. u» n 1 , n" 

£.1^ 0.U . <*>-*# j>-il J* ujiUI ccj-S^a* jUitVI ^ Liij mj 

n p La .1^ o-iti nm u>i a-i SjSIj ^ (gfiU , 

: ^UI^tLii^,n g 

8j = 2n m tcos r 


5 1 = 4t (n 2 - sin 2 ©J 


o^iU {JaS <L^ (jit » LL2J(j 











2 2 

1 _ cos r t sin r 

2 2 2 

n n g n p 


2 2 . 2^ n g 

n = n g - sin 0 — - 1 I 

l n P I 

2 I 2 

5 2 = 4t 2 n 2 - ^ sin 2 0 
8 2 

n P 


(4.2) 

(4.3) 


‘ .V-«1 «.j V JiljiJI »\ »(jjiui killjjj 

uA»( VO ffj <1 jLaII (j4jVI £j-S . ^Xal^La quiL^I ^iUal ..!■> 

L^>ax. vjjaaI^ < Co-kill cu(S n j l...<♦. ! J 

^1^0^^ n jUSLil J*buu(r/0* (VOHL>c*lijljdlJUlill 

: ixia. jLut> = 0 Ljit ng ^Uan jUiitfl J-buy 
n g> n m >n p 

n m Cuill jii^n< 4 iS j£ 0 SjLijij 

( J * " > l * yill E irt ll jjpil <yljl LjJtllaJI Culll ^gj l uti J^Lw .lift 

: CuVI 

1 / 

' 2 2 \ ' 2 

sin E = n ° 8 nm l 
p 2 2 

i n g " n pl 

(@ — l2) jic. np 3 aia 1I yflj yi < yla. ^Lalill ^ jaLuuaj 

(/* v^JAiAA ^ylll CkAjUJI OA 4 JI (jjii « ij jii in Jajfl 111 L I tV t Jj Ol dlj 
^j a -ii<^v T *d4Jl u i«j^^ U AlUoJ t 4JI 4 >^ Ji>ill LjJLuJI 
0 i^>JLuJI Cjjlj SjLjjj . E = 0 jit JaUsu tji.livj <ji ^J] © Cjjljll J 2 a t Jiljill 
ISJ ~ ' “ « * cr* v V ^ uj£ ^ S^LjJI ^ JjJJI |j_k* E £t 

. J^LJI 




* moscovite mica cuJ yv.ua ^ Sjl^ <itc jllaJ tr U*JI v_uLaJI ^Jcj 
polarisingyla&i^ ^loJjLaL j^-UI tf j]| ^-...tl 

dlj o*j J^Hi * * la <> tLSj ‘Ujj-ii jJ&j. microscope 

jJa— £» Sj>LU jjaJI (SJAJi ^oll 4£jjLuJU ^Jaliu aUJ»| i f ui 

* equal tangential inclination ^LJJ v oa (A -i) ^ Jl£j| ^ 

ajfc v ^fll qu JjLUI JJij. ^.uUL* <yi c^-Uli^ ^UIUI oj^dJ 

^ t U ^ JI u J ! cr^ ^ Hjl^I 

LUJi^lUUIJI v x|Jl tr ui: jLiLiVlit^xju^l 



JWU 5 SjjiL ok. fcj£ll ^Ul .1 Jj-. ujL «s v x»: (A/t) pij J<.*. 


: &*om jL«^vi oij i^jii i auvi nu -r/i/i 

The case of synthetic fibre exhibiting birefringence: 


*\ Acrilan fibres ciLJi 


«i>k iS' ^loaJL-L <iLi»j j*j < Silvered wedge u ~.xi. 

jUlll jjc. JiljS yOA fjj^u <ili — J^ljlll ^Jt L^juvt t 


• ^&uVI jkj 
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. .Lat ...» JJC pj_ui » l.tA.1 ...I jlc. JaIjIU JJJL& wX* (^~0 

I t_il_JV ^jjjJtl jl »»^WI jjc. gull wdl^j < Sx-sJjll <L. \ . fi l tjl * > -* ljl j- 4 -lajj 

. Barakat and El-Hennawi, 1971— 

J^oJLlI jj| - < <? jlrti 1 mil oLajll JaIxI JaJLi JLitl lx* Li_* jSjjj 

jl ■ --^W | t^^LaLa-a £gUAxi iAII JdJxlil uJJl jjiUj <JL>jJa Jj i . r>ft*> lL Jjlxu fjujLuJI 

■ ciUSU ^rjjjtl jluiuVIj 



JjiLjSVI i_tLl1 £y* *JJ« A jjg. jlilil jjtC. JJJuJU Jiljlll uJi (^/£) f*J J£*i 

: Ja.IjI1Ij Lil^jJ^JI -o/i 

Holography and holographic interferometry : 

Holography : Lilja^jljfll -N/p/l 

<LHil oUjJUll m*i jjjil Ux! I {jmj-juI \ MA <lidu« Gabor jjjIa » 

^UVI ^^ic. <ajll Xjujuu (jfc oLjkll <al o-* < L*jjK> l | “ >**« ‘ 4-^tjll (j 6 - 

«Laj_a £_« • I jail jjjL <aj!I jjia oL^jLua J-% 110 l AtJJ S» \ i t i ^ <-uil m- JI 

jl jLui <i^LUI OI j jj-uaJI — J j « rt-k ll X*j . 1 1 » a <JaJjJLa Jajj 

jA . jj aill O.iti| i_aliti t*^l Jaj ^lx I j l a fc la-tua-11 jj_ca1I 

( 2 /-AJJ . £a.j* O^ja £-• f til'll I (j* objkall <iaLa» <aja alxlll (ja ^oj^aII (JaIjIH 


-n \r- 







ola oU^lf JL3L i3 jl. I f Uitf I (\ ./£) ^ J«Lill 

t—^>11 fct ■ . M l ^ A 0 = ao exp (iQ^ r -~*JI djZ ji II JLS>JLI 3«_ ..J( 

<-. / < > ..Jl ia—ill ^jjjS ^Vl <IjLUI tr LiH 5 « <>-L*aJI ^ill o5ft A r = a r exp (iQ r ) 

: I (x,y) 

*(*. y) = | A o + A r| = ( A o + A J (a* +A*j 

2 2 * * 

= a Q + a r +AoA r + A^, 


Holographic interferometry : JiJjill -Y/o/t 

: « » L. < ,«I c g . M . wi Lilja^(y|Jl o(JL*k* p - ■■ *"•“ 

• S,J *^ b^beoW 1 ki* f t^Vlj< CfijJb aM ^6 iUe i 



(b) *^>ll oi*^* (a) fbajO+fl tf \n *iy ^WIJ : (\ */i) pSjJCA 


J > . «J f b^ob+H JL^j jUui <^LSll (ji SJJ-*- <£*11 ^J4 L*okj 

/ 

^ *^1 j c^- 11 J5L. UuijJI 

. Denisyuk 1978 ^Lil 

-holographic interferometry - ^ilj^^JI ^..jJI Jilo-lil j ; “ 

5 Ll£ ^lll UI>?obfll oliuia: ^1 Oa.lj Ostrovsky et al. 1980, &Vest, 1979- 









‘ ***>“<>W-B ■ijUl (\ VI) fi> JS4IIfOiu. ^ua 
«■* «**(». Oj 0,VI <^, j u*uj ^ H ^ 

Jlijtty, 02 jeiVicu^ 


Photographic 

plate 


4/21211 r 1 ^! Jb—3 cHw : 0 VO fij J£i 



f‘ jwIp uA double-exposure technique ^ Ji> ^ ul ^ ^ 

<> <JI te jl< >>^U (fji.1 4> . f yij.j J»y , Jj - - II 

jL^tl j±iZll cjl ■ f--—»ll ^c. ooju ,^ll ciLfl'.V! ,-,i .ji.. j.. - 

oLUJt, ^(*11 >ii 5 « J Aa-, tf ill Ju - jUttfl c^U. J ^ ljiA) ^j| 

oULJI j j^tai „y ,|^| ^ yj u £iL> . _ ^ LU| 

aerodynamics^^, ^ ^ j^, ^ 

• <iimi f.Ua.vi jy ^ijii pi^, <^.i ,j ^ A „ 

Speckle and speckle : 4-gSUIJiI jSJIj ^sJI oLyiJI _y * 
interferometry 

^f* 3 ^ Vl ^uM‘ ^iAigU,L-a Laic 

<l. ,t .n * J-Lls <> random pattern 
r^<Lj r, L ~ ~ ^ >- * ... i t « (Fran?on, 1979) 

^ <LL tf l ^ J Je. ckvIj cgJJfHiryge^ ,. 





b* < Atl± U Liill ol . t . T t (jlJI CjU^>U j LU.fl 2^jV. ^JJ<- - I.At l 

. e >‘*» oLtLiljVI ^bLLkL oUujJU *1 a jjL uitLijj « ~U..J I 

^LLlJI ijx. <_« i S it l ^Lp La>j^spat iaTpattemV^. 1^>jj| ^HtT] 

<Aj 4 j if L^V I ^ J. t l iaaljj La>j^j « ^ ...H 

• #Ua1I 

tfdtakl JaJji* ^U-i Jl&jj Laic. . AH oU-JLJI <]ia*>L* ‘JJ 

Lj^aj L*Uii (NX/1) j JiAJI jti-ijjj« & j cJLLmi bLxu{*u*j±JtfLaf 
ol. * .i iA J l *iA , f_ju l£*jVI jk <jjjj^ 1I olxtLlI ...*l 1L... , > 

<5> >iil <j3VI <JjL*II (S ] a x\ 3 . AB jSLJIj f U 

^ A ^“ u (/^ ^ yW 4 JL>^“ olj i rtl l H a i u VI Ctj^JyAui y« < -%■" LjJI <t ■ Al | 

< S > = 1.2 L/D • D LajIba *jj “■ ■ ■• *■ 




it^Jtf o* «*£l) o Ujij II » a~,..H (fj+aJ I ^Uiitl j.»j J<A 

• («*tl 
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, ^Lill ji JjUJIj*LaII jtLxJI Cju <iLJtl T. .»..^ 

OJ&I i jjj <aJI Jkljofl !ji p A 1 , < n't jjJlJI *cit qC. j .y.l'.«) | j ■" «~y 

• CtluLlI kSM iiv> J, V-k > La La ^Lo Lc. J»*j . All ,-, l. <4 ■ It 

O'* ) A* i »«V I Lajau ( jn i ^ qLii d » ■ a I - <i^xal| .**.[« .4 .1 1 

** Lc ^(jVl (/* oU-jjLJJ £ 4 >*i dlj jjt ^lij qu j* kjl JL» * 

o^-^J • cfr*4j-dll C& -Mo* <jbLt 4 tLlill 2<Lii .. 

Doube-exposure speckle « iL^dl 0 L 4 IJI ^^ill ^Lii <ju>UI * 1 » 

gjUII Jilolllj o Uj gj l jjjaou j^L ^,iV>...'>j« photography 

Barker and Foumey, 1977, Iwata et al. 1978 - jJil^l ^Lil 1 4 „. 

Simpkings and Dudderer 1978, Barakat et al. 1987 . 

Barker and Foumey, 1976 - oUjVI ^Li l_^} ^ 

SH ^ 1 c*U j i d l ^^eujjull *Luljj jjyisiiU <jL^Jb (\ ^A‘\) "Barakat et al" 3 .L ^ _ 

t/^3 • 4 JT o* O°0* ^ * J * j‘‘‘ i> jtJojjj <«c.j-uj (^Lil 

*•*^3 * >*cW-^o* ««a. Vi i "VM• = X) jj-i-a-u jjd p^L*_ii 

0 “J^ O ' * ^* jiai Cl) j < -fc l ,i n a ^Al i OucuVl 1 ~« «■ 1 -J ... - 

0 " l “*^ £>) ypl* jjs*D) <*-ail L>* lojLwjjj . »jSja (J>a. jjju ^jjl jginitl 

■ S“)-UU^i-* A* * Cfr*d Ll*i * ££ * > i nji J£ QU 4 «LJLfc SjJ Cj) j i t * ■ a * 

V*^ O'* ^- C V>-* > • J 4 QJ ‘ “ J-i f Lki (j- 4 O" ^ ‘ -a ll jxJj_ilI J j | Ut t «jj 

tfi J« *» i i (/ill S ULcJLI yu < 2 >LsJI JLuVI <JjL*_ 1 I 4 Young's fringes gljj 

: <a.ljV IjCjujjUla CjujJla 


X = D / S 


• S}JL>)) Ij fja Lji tJ I jjodl Qu <i It ull !jJk D 

Speckle interferometry : iL^iil ol«dLJI JkfjS -T f\/t 
Jklai (Jones and Wykes 1983) u ^ i3 l+> ^LS i? :j? tM ^ 

UfkjjS CiUiSJI ^g. Ciali Jkljj vjOA ^ Jj-^ -^H 4 iLl^uiJI CiUjSJI 
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**** oUiV ' ^ *> <> uj * . ^ Ij3 aiU 

J^^iai^,^,^ yQfijjsMtttu. 

.<a^j, oUjJ , 

-# ^ «ua **| ,-*» ug fr. J^U ^ 4^ ^ ^ ^ 
^ aUil tfi •*“ spacing «*-“' **» ^ ^ ^ y * 

UU *“ otitLi * r-W' ^'jj ^ oUjji jo ^ ^ 

all fJIUI Jaj Lj.Ua Mlfi .Ull CM,. ^ v-V, . Vj u „I 
^<4^aU }i| a^<J 4 ^ f s tfJ ( (ol(Uii j, c^Jllj^aau.cji^l^j^ 

^I(\i/i) fij JCaii css, (\r/I) fia JSJJI ^ u: - c^^'i r ua 

• cltj*JI fi ,>J *a.ljVI y.U Ja*, ^ tfiM ^ < 4 , | 

OUIJVI sa fcB tf all tf aU ^ 6 I ^ <^y, ,> 
a^ «*^if cUaJJI JUfl fUilaJ* 1^1 oUaill f UU. ^UUI uiuM 

D.a-Juou^^ju^^^. ^ UajUuj| 

^«4iJI .>Li ^ 


-\\A- 








hU J ; (\x/l) jjj 



0 U 1 LII JUtf *L>L f loii^L CiM I </xJLll : ( > fc/i) ^ 

^ JiljUl ILjL ^ loiS*J ^ij <^iJ| ^Li JS1 <^lj| ^IL. <JL> y 

5^1*^. l-li. X«.ljj JJi ^ aui .i. J.J . ^iLSil yi^l ^ ^LUI ^.u^LJI 

/ D <iia., X P/D jjjLj ULII »ii. <juilf Jib <^£ai i<. >.n s.v .n m ,11 

. qu2JI ^e. a*j P, Cij£UHI ^u£J| ^ ». ,M 
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ciLJVl ^ ^l£] I JijuJJI J^ljlll cj&lJcZ 

Two -beam Interferometry Applied to Fibrous Materials 


I —\/0 

^ J * J >UI I LililVl ^ Jjl iJLiJI JtAill c_i LJVI cjg^J~*‘ CuiljJ |UAJ 

*1* jU«iil o^ULju. , optical anisotropy ^>>^11 ^Lull l+l cu^Spilj 
(n ) <i l c *La-jVI (n ) »j j * i nt i n*k « *Lajl ^ t 7 ilnSl < nil i_iLJVl 

jia!! oljl*ljU (Jjlaj • An = n * - n < (An) jluiuVlj 
* <n*» oljUjLJI *sJk <*>11 l jlc. .-iLJVI * 114 i > j 

»w^Ji Ojjl> jjj L*L* Ijjj ■_>« I* ^ < ljUVI “* ^ **-**** (joLkLill 
v^AuOL)^* <Lt\^al( ^Ij-aJI * 1 a c>u-»u j^ojj . ^JLJVl » j_* oLL>sJI 

iLjioJI »jji « Two-beam interference microscope Jiliill 

heterogeneous*^ L-d I ^ic oljixull *j ■* al 4 1 ij . ^ 11 | ^ oL^Im 

coL*L*_* ^ oL^ji*_A (jjliill ^j-ucJI ^ i j*^ ■ •* ^*Aif < fibres 

: jjiili i—iLJV I jL.Xil 

. J^L — t 


> tjiiuiull |jlc Juittll i(jj -^i 

(^l^il ,jA>*-cJI j4jJai*j <jjJou £j_Ju J.otll IJJk i i.l+Jj 

: iuVI oVLJI ^ auvi Jjl 

: 4 *U"‘ a jjlLji <4 AliVn« <JxajC £_LlL* CjI J i_JU| — \ 

. olUVI -1 

• •» 

cjL_JVl —Vyib »j. n *«> i { jle. L+xi5kjJ CjS^i (jollj <u^uLaJlll j±L liLJVl —>wi 

. multilayer fibres oUL-UI 


. GRIN, STEP *_i(JVl—Y 

ji ^y^all Ji.lj.ill ^I, l 4 i t „ l ^jLuJI J-- an y Jj l *,r... a 

. U jy^ jlji.1 Jc Jj^l >S 0^1 fltafI jxJcj ^jUVi l... 

^ • Phase objects JU^ll j^L <> _>fAS ^ L*a.b amplitude objects 

< 4*J«Lkadl If^alinl .1 ^L^VI . ih-t ^vi 

-fcf" f Lo^VI Ul . <J i nfa. II J^u^ljj jk ^uia J I Qo (jjLill jj* <luu* 2 »■./. i~j t 

b^^b-WiWi^aiLii J^au.j^ji^ 

. W*L «» t , SjUI j L .£ i l J*L*-* n dua, optical thickness (nt) 

^ r L^Vl 5jli Jc l^U.LJLu,l JiljiJj 

. phase objects <a^>tl 

^SLu Jilja ^iiLl. ^ l+l* J$ <£y± *Jt oj£ul J^j 

VrO ^ Nomarski u . <.. .jL^ij Mach - Zehnder jjijj £L* a - l. s. 

Pluta Polarising Interference Microscope v -_Lii u J| .11 1 Jiij^u 
(jujI^ Leitz jlfb Dyson o>**ukj Baker jLu Interphako j^UjuVIj 

. Zeiss-Linnik dul- 

jy*» Cx&3 *^Uilll ^^kuai* £jui ^llll J*Aill 

li* ^ L| . klA <> £ljif fljii^L fL-aSU ^SLill Jiljlll 

Jc. jjSjill £* ci(JVl o-dji LJUJU] ob^OjSfll 6 jj JfjiHJ O-Jjluui J^aiK 

♦-uSjill L-iLlIlj Lialltl jf£j oJssHI L^JI ^Llitl olj ciUSU jU&VI 0 M.L* 
STEPJI cJLJSU jL^sVI J»U_* JJjjj kLiicJ 2 ...-.un i J j k3 

. GRIN Jl, 
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*L1j>L J,* iL\ | jtjLU JLLLuJI oUmIjoII -\/\/o 

^ ? jnnH ciuvi j* ^sbsii 

Previous investigations and reviews of the literature on the development of 
interference microscopy and its application to textile fibre materials : 

LxVjj_JI <_JdiL (UAY) ^Lt« Pluta *fxJ 

Jamin-Lebedev a u^ J - ^IxLl JildDI > 

Mach-joijj• * jkLL: ^ill . Pluta Lylij< Smith 

?_*a_S y Ls£ll lj—fl hj ^j_c - « Zehender 

u *-^- jh « <* *~ y L&l I lx* J^ii LaJS - (\^A£) ^Lc« Sikorski 

,^IL J**3 ,^11 ^Lill ^All cX^iy^A 

. I*luta, 1971,1972 — t^L ocj ^1 ylxuiVl jSyj< 

C&-2I Smith - Baker yji^lyfUo'V) Faust 

Ly—iL uijUjl. jytotixJjLu<WlaltLuy 
. analyser JLUIj ,^u j3jlj£ll <> ia^^ii JU*jL JLiUJJ i*jLt 

<>*.»L* I tu i I |M dya. <jLjjJail *1* (\ ^V) "Mckee and Woods" j^Lj 

Jilaal ^SlsSII Jiljill Leitz jlJ (N \V\) "McLean" 

jLniiVI J 4 I** o*ih • >LJ ‘-•LJV £jj>ll jluiutf I yi s jLill ol j^ulIII 

ya— y*«S it dl^ jUyll <> ^ Squill acrylic fibres ^iLJV 

- Blakey et^^-ill Zeiss Ultraphot y^^iy r l ^-... i ; . 

•jjill - Pluta, 1965,1971, 1972- t^JJ JlUII yal., 1970 - 
Laterals J l> xa 1 I ^kje. ^ Jklx v xi J JLy Jk. 

o*- ^'.‘ olyjix* L LVi . o l jjiw y^yj^Jll II* ^l.v.lii.iLjj t image duplication 
. Uteil ^iUVl oljyui y|jsy^sl jlu£rtljjLi&VI cOLL^ 

• UjjSjIH ^LlVl 0 A^L^I^yyl ki< j^^ II* (\WY) "Pluta" - ^oll—lj 
C{<xxil oLji^ijiJ.1 jy ^jill 11 * (N WA) "Hamza and Sikorski" ^ollu.1 L£ 



cJLJVl »jjk <-ul iniml pi im I_*L2j « (PPT) jNLi.ll I ciLJV oij»All 

"Northolt" <*a2 ^all molecular model Lf Ijjail jJaliu-L 

"Bunn and aLIj_(NM •) "Denbigh" l+tjJ ^lll <->lL»■<>> JaJjjll JLulLLLuJ 

cu-u*a. Lorentz-Lorenz jijjl - yiij^ <«j , (N^o l)Daubeny" 

• ^JUil ^jayJtl jLu^iVI dIj ^»UVI *04] UmluiVI jl. ..<wi iji^Liu 

1 <Uu»jiJI ^Llill jjc ^Lua^U |WoA| Simmens ju^j 

^1.jl ■ i‘*iV »i»»g-l 1 *11^ji». ^■ -Qj^* a Hamza ^ ***-«• «* jj 

. <LuJaj*JI £-Jalill CalaiiLI jjk uiLJSU JTjjJjll 

^jaytl jL^iVlj onL_*L*_* (\ W) "Zurek and Zakrzewski" j 

|\\A« j Hamza I4.*..1* ^1 <aj >i&lf ^LlL t^L *,u^* ‘uo^j* <<«la ^laill ljUV 

(jj Ju \yi <1 Jjl-fc »jjj j) USlI qIj.jii lit oLaiUill t> j.* j 1 *> -* LJI yl JL* aij 

Ldllj&l Cul^ ttill ^llJJ^O O&jjj < fjxall qUa^t oLuLull Cmjj <LJU 

(J j jLu^lVI 4 -> .>11 (n N ) 6j4JuiJI j t -a-a 6 La! I jtmllVf <a-i !1 

_L 

(\ N 0A) "Simmens" j! * <JL^UI • (n ) <Jc ££^>«aII *la!VI 

. The dual-wavelength method (Wo) "Pluta" 

^ jUu-Jl jJuJI ^uLill Ojju*-a (\ W) "Dorau and Pluta" gJL. LI 

L^li ■ ^l i-v’ml 1 j < oLaljj ^lilu ale d^ala_iil 

fall I Hamza and co-workers ^ailuJj Zero-order fringe OjL-oll 

ufcdjJI —i^lbj— 1 —^ erta—dl *-*l—<——Ijal Lj-LJ . Al l 

o I a bicomponent qjiaL* ,> La^ayll oLl jl\ ciLl^ cuprammonium cSJ aLilll 

jl ■ WI j I Ajl . ..<•,( cOL_aL_a • £)U_a_ll < alalil 1 j-J-ej <■ a ItVIlI f i i iAj-«Jf £_LLill 

Hamza (1986), Hamza and Abd El-Kader (1986), Hamza and^jaytl 
El-Farahaty (1986), Hamza and El-Dessouki (1987) and Hamza et al., 

. (1986). 
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^lll <i«L«uVl |N\A*\| ^Lt« Hamza jJij 

£jjj *! •il^null <JLjJail £-* m'lll v.lLJVl Cuiljul ^UjJI ^ «-i-JI (J^lalll 

. a<i* glL^oilulVl 

Theory of thebjJLJ J^lj-lN * JL^ki -T/o 

: Pluta microscpe 

I j^j Jl % « (jjfc Jj ~hl) Ml LlmIjJ Jllj! Ut^n i t jl | ^11 IjdA Jx^t 

. (jAaill Ci-kl ^iii^II (joliofot tj&jjjua jjju f^jjua » jAljj jl Uniform (jiulaJLt 

jl«»i ^ W I % jl» u^iV I caL» U> * ^Lt i l >_1 i I Iji |\^A‘J Hamza ^ 
J-.1*-* ^LiJ |j« «Aljj < <L«JaIill Jj-C. tJ>jjJI ^JalLLI C»l J t-iLJSU 

J^J ^l.t ~h 1 imVLciLmIj til *jjb cu^l x5j. Sjj i itJl lr>mj_»JLI jLu^iVI 

i “iL i i lji^^jll jt-uilLI Lj>Ul JihJJI 

. Cilj ._m.itJ I ^Ui* 4tli«it (juju 

<\\ ail <ju A , A Tu ^tj_hAll jLJLI d>l» (jjjj* (jUjlLlll jLJjUIl (J Jaiu 

JLoo-JLI tjjxJJI jl inS>>1 < n^ jji (JjI «nil jl <<X»I (J-at » « jjl jLxcL < j • til 

n t n a l ^ A <Jc tlaJiVI jjjij 6jg.».i.tJ I jj~> a alaJtl ( ji LjIjjujJ . .Ua~.,..I | ejtji 11 

: v-jJJjllI ^Jc 

A r,|« (n|[- n L ) t (5.1) 

Ar i =(n^-n L )t ( 5 - 2 ) 
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« olj Sj j ■ < t . L*dlt JiljJtfl *_,oa ( \/o) jSLiJI 

J^ 1*^*11 C>*ttf2-aJiUII Cg3j>uaJI ji - A <1 a I... a f I rVTl A jJlL <j jJ»JC. 

: JUjUIL A r jL-J.1 J>L £ji - {rjjjJLI jLuliVL ^L£ll (J ^aII 

Z , 


at= 


AZ 


(5.4) 




• A <2 -fcL u ^j jmJI ^Lill jjc. Sj^ui jje. JiljlJI : ^/o) -»j J<-* 

(jJt *laJtl »Jja .ttll jia) LaOlc. <UX|JI <^ljl jljJL* ^jJk Z 

A i JiL-JI <j3lL1a ^jIjILLL* C^Cujji AiLuJll AZ < 

•f- 

II : <Jp ^I CjV jlaJJ <ulj£ kiilj 

y\y = ( n a~ n L) ~ (5.5) 


„-L 

Z , ± . t 

AZ 1114 ’ nL X, 

rj\\ , AZ M , 
Z =t — (n a -n L ) 

A 


(5.6) 

(5.7) 


t-irw*i ij j^Aal l F <fk l lu l l ffpju S> d>l <iLUI —0^ <ljl■ .It J^ Klt l *fj-vlj^ 

: i jj» . M l jitu L>jtf <j,j|ll <dklj| 

AZ 


f z"dx = ^-(n"-n L ) f 

J S A * / s 

tj 11 AZ , it w 
F = — (n a -n L )A 


(5.8) 
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£>0*1 jUStf b n a » n" 1^111 jL^vi c^LU, UA (\ \-o) (> —©) 


n a~ n L+ wx 


F" X 
AZA 


i F 1 X 
n a — ni + ——— 
a L AZ A 


an.- ^ 1 

a AZ /A 


(5.10) 


(5.11) 


Jt »_ > . ! ■ « .M IjJ^L^JI qu Jj-aLtll a^JI ^ju Ladle <joJI <_a.lj| *L*2l juljyj 
Jilxlll ....U ^^iJI ,M 1 J i ,,,<;•■ | J,(_, 

. UjjAt Oic Jiu.1 JI ji Jcl JI c lj3 JSLJI *iki* J 

*-M— u *j-+l ***—‘ J^-Ij— illyj —a (Y/o) ^ .^j^j 

<>uL-5u-.c?uUj:I JLjJMU.IJ l 4 _Li^I;; JJ . 

Zx^ljVI o-LS > id* 2Z = (Zj + Z 2 ) <iLuJLI jL^VI j ^UJi <U SjLJ 

. JaAi all tfdsJ Ji 



C,u A^lj Z I4 LUj v<M ]| . t 5^ : (Y/o) ^ JLi 

j . AZ gjiitu 

' ^f o“Vl.j-illj<^,11 JjJ. u jUI r l .- 1 ... I 

JZMI Ctaj■ Acromatic fringe4j>^ll i^JI jfc. juj^ UU jjiVl ( .>i'..~ u 


JSL* (ji Sj 3 n i ' t Ul * Ujit ^j.-uAfl Jjklxlll (V/o) ^Jij 

. ij4*ulil Sjl^uJI Jliill Ijji ojfli aSj« *jL^&l 



(jiSj^AA^n , n I4I1L jlm&l ^LLu jjc. ^a.ljl >Ual : (Y/o) fij J£A 

• *jlui!il J<U* JjIu 

OtlA j-fioj y4j ? > . » *».. i ij-» 45Jjlj Jjjuaj-A ^Ua <1 Cil j Cil_)-u_a_ii « tVj 

frtiJU olj 5>^JI <JU , (l/o) J1A1I ^ J^IxaII 

jj-aJI «-*L-aj| Lfl jj-oJiLi £-ki > JSLi i_jJ_fll (J j^jJi1\ 

• « tur^ (3 & b) (jgJn>l.i,yVl 

a = r^ = t / 2 and b = 5 Z at x = o (Barakat, 1971) 

• P (/* ^ = X — -r^ yU tjyaall <^lj| Cad <a.LJUj 

J*^ ‘ M- IL J-* IaS 7t t / 4 ^jLujJ A Sj.JJ.am 11 ^ j»JI ^Jaill <3kLuA* t 

.(0/0) 
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: (ji (N N/o) • */°) * (V®) c»Vjl*tl 


(5z“) x=0 X 


n a -n L = — 

jLuu^iVI <Lu¥I <JjUJU ij U*1j . n 

i! 


AZ t 

~ <JLa. 4 |„«l. <ljLa_a 

1 : £>0^ 


An a 


(SZ -8Z ) x=0 X 
AZ t 



U^ 'UL)^.‘ - rij^ JjLu* ^ _!>*-• : (£/o) J£«£ 

jLi * «■ — ‘ 3 .“.Ij 1-1 IJ J « A J . «• ^ J .All JilxUI <_isLA J£u> gbuajJ) i. iU* l iJ U (j-JJ-tAll 

J^ 1 lt* ->4^dJ . Ilg CjL jlu^il J^Iaaj I\. Ifi jjit S jl»i > i'rt’ ij n c <3 jL« jLu^jI Tq IfJ 

oVlukl AfiiS %tla> J£ ^ n§ < n L (jjSLi L*djc (X)« n<j > <jjSL* L*ait (V| (jluJLk. 

.(Hamza, 1986 ,>) n c <n s (^) n c = n s (o) n c >n s (1) 




• JJC Jiljill : (o/o) ^ij JSLA 

. jU*II jU.1 J^ljlJI !• ilU. <1 jUU *1* p 

■" >** yi Ll^ jUJ.1 (jAj-wil J^ljLllI U -l J A ^ pit ~ , ,.l 


: <JjUII bga (Wedge) ^IVI 

. (Z 11 - Z 1 ) x=o X. 

An a=-- 27 

JiljS y«Ll4 ^I,L> 1 .|.U f Ul' i. Jji tx^J* jJai* oli *•■••■<-*- i J -- ■?■ .‘..j 

• |»l il>* >< «t l jLutl yilu J ■ -X 


n a -n L = 


F A. 
AZ2MA 


1 yi M At l ffc < ij4&wit Ju^jlLI jLu^jVI Jt(iU ju*j| 

Sokker & Shahin, 1985, and Wilkes, 1985. 

0.05 A, iPO* ^11 ojL-Vj ^laiiuiL jLJLI J^L Jjji <ij J-n^ 

j^V JLJj « f .iAl ,J I Jt^L ^ 

\ Jb* j-a jia* Cfif" <yj .,.. \ - .,.. r ^Jc jLu£tf jLu^iVI 

microinterferograms JiLill • (NW) (Pluta) - 


-Nr.- 


i 











Ad Jk (jyA jj ^U al I ^LiG 1 *■**«* (^J-A. I . ut I .,_ fl |^ .*lj I ■.. <jjVI 

^l, ta > i «i.I IL-»a ^ <_pVI tiLJVl o-Jjol Interphako j£lijilVI 

’ ® •AfJ®’ *—l) 4^1 U 1. i (LftJ- M ( M V_i Lfei I <U-uljd bjL M 

.-iLJlj Cfr4p| I «u«ljj j^UjliV 1 < Su ^ jt ^ j-o >jalu.l dSj 

^•*~fc '‘ « «U-wa — (>1 m^ JaJdlll (jujj+o (y~1/^/o) J£.,tji £jujj < 

Sjj-nsa ^_>^Ail J».ldill v^jSLu^jjISxa £~a (^> A_u l pj-uq ^Ijl 1 i..L — 0 , Y 

• (v f-fj) (Tjdjil jLu&V I Lr kiU ‘UL-ilfll <t»jdj* JJfc Ajj-mj (1 fSj) 

^IxaxujL ij J » i m 11 jjjjJlJ I (J^ul jJjJf uJi SJJ...Iur» (V/o) JSJJI jUij 

• on = X <la^4 (JjJq pjj-o ^daJLujj Ladle. \ , 1 A« • ^jLuu Ajliu^*il J^Lla 


gj^i^ail ^l, v b> 1 .. . L NV j^U^ll wiLJV j_ix. Sjjj-a (l/A/o) ^5j J£_JtJI c^jjj 

■ fj-Ky^ j 1 *** <fiLi (_ylt jjjl SjjjuJuJI J^wlj <jj^JI <^lj| i iishV — j^cojVI 

c_fl 1 j 1 1 I j \ * it i l t <_Sjj—wail Cjj—$Jo (^j/A/ 0^ « »j ■ * 11 (jAj 

• njjSL^a ^jiajjLi ol*\ = A ) <^.jll J[$lo ££jLaJ P^fafijf ^Li-v1< aU 






(v) 

£>^1 I jLXlY i ^LmZ ( v ) LLiUl <^JJ> J±± J^J (I) C*>i> : (Vo) fJj JLi 

JSU J( >u,Vl .>^JI £. CjL r \xLl^L dl^ 0 , X LlxuL S^jAoill ,^4^ ^Jl 

. W jit \, iA.. »jluXil J*Uc 

~(SJ ,rf> ^ o>1jI-UI tiLJV j—* l jj-m* ( V o) ^ij JlAJI 

(\ */o) ^Sj J^ill Liu < L»>L ^_o (_Lx»YI *j^JJI J .k-;„. I : 

• f>LJI ^l*LJL-uL kJLJV <a,jjjJU 

&X-**^-* cr* tA^ 1 JLljlll Interphako jSlijltf I . - at.y 

Ji.la_lll (i/\ N/o) JXJiil jtaLjjj «tJLJSU £>ijJU j l—...XW Ij j L ,..<W I 

(A V*V^Af C£^ ...L < C^Luj ciLil Sj_uLtJ . a|1 

cLIxllI ijj_ua (kj/N N/o) JXxiJI jcuaju Lalu , Sj uj .M l jj^a ^ (S J~-“ » 

* C>mA^ 1 ^ = X. ) <-^>l I JjJa ^jLl fj^a ^.daJLuu Laifi. 6 jjAxtil ^-■a'l j. At I 

• I jj^i jlj-a (jjLujja ^ yjjjljj 
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jiajjLi 0 1*\ — 'K JUC Ian jkl Jjia 



(i)A/oJ<Li 
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J •—i S^JAuU <L 1 lAIJu «Lajjj_» j^fi. Sjj^ua ^ |) : (A/C^ ^ 1 j (J£ii 

^ **JL> ^ - J 4 pl .l J h . *»a mL 4 j . j- Aj -. t il! <La^jjJ^* S i^ ua <Luj \A <L^lj! £y» ^iSi 

• J^>* li oH = ^ JjWi 



JjL«j (jiujV I fJ^Jk M £-• (jjL ^ IjjLiijJj *\ o>Llj ijjJCuiJ <a^jjj-» Jj . -> : oj J<*. 

\ 0 Xi£- \ , 0 * A * A j LuaSL* I jjj Litfl 



cU^*-* JiLuy tjjL fl.laJLu.lj Jjj^JI t_»Ul AjjA.til <^b.jjj-« jjj-® : (\ ./o) fjj JSLi 

• f N o jlc. N , o ♦ A* AjLai^jl 
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j i .. J I ciLIl » 1J 1 Ai l Jjil Sjj^a (NY/ 0^ flj JUtjl £tjuo 

tfjlxifai I 0, X — X, ^ <^jll JjJa <_£jL^I pjUdsJI ^l,^“ miL 

. (i_i^ <^Jfc <_£4j-ajJI aUbJ^I jj,aJL jl>* 

Lateral birefringence : ciL5U ^UJI ^jj^l ji a.,<W 1 -V/o 
of fibres 

l atl «».* t i a 6JhUoJu jLu^l cot-ata-c(j! (\Wo) Morton End Flearle jLa| 

<xtLuL* <JLJI bJJk uJ cjLJVI 4 Sj4A»tLB ^-tJs^sJS ^sJLiLlJ j^c. <jjj» a»V (j* 

Lateral^aLa. ^jjj—«jLuuSLil LfJ ^ 4 Ijus oJjj ^All 

. birefringence 

aUV I djjlsj n a , n a jLuu£j»VI cOLaLsua (NW'N) "Faust" 

U Jli 6ji I 1 til I i jj®J .tl.t.1 a I ^ 4 h-^ a jnftt , \ >c. <jJJ«$J — £I ^.aj& — ■ ..all ,j ^ | ) 

. I4ISU. (jJ] IfiljaA Ua .1 




(v) 

(Slu ^IutijUmL qcLjI I < i LJI ^yb SjJJUi ji£. (J^ljlII u>U ( l) I (\ \/0 j ^Jj 

J^i-a (ij) Sj^aJSJI jya*-* (j-lt Ajjjjjj <_£oJI (jAuVl <sjj«a]l £-« Lijjj^ I 

Ajjjijjj 0 A^ , Y = A, Six. «La.jll (JjJa <jjLa.l t jj-A ^.lil.-klml Jac. SjjJuiJI uuAal <La,jjj,4 

. S ij 3 U -t.ll )»=J, ’)! }-a (j* 




***** oA\,x = X^i^iij jL ^jLJ ^ ^Li^iVi 

(Hamza, 1986j>) <Jc. ^ 4 >**JI (^jiuJU ^ ( v ), r^.. .*fi JJ3 ^ 

^ ^ ( 1 °- 0001 ^ <j*) ^ uj^ n'a ^ "Faust" 
Warner^0.0015 jlaLu S^xiiJJ ^ ^ 5 ^ 

Zjijll jL-ilVI J-U* ^Ijol Leitz jV u ^ 1 (\ ur) 

. j*i£N tJUV^UJI 

^Slili JUiSlI v a*J (\u\) "Hamza et al". r lSj 

: *V ‘ oULUl lXiJUA iuljLuul ijuui. J4*j 

Xi*) cjLLJJIS jd*l^ ^j-JI ^Ull (l/\r/e) JC.M I 

^Uil , n L JSL mJ lJLlI( m i^i^.l 
J-U»^ n 1 ^ < n m ^m^ J UJJI J L^| J.Lu^ (x, y) iS s^^i Ji ^Jl 
J **43 . ULU\ UJJI jU£l cUU*^ n m = n core , Sj^l i^ijL jL^il 

: <1jUIL S^^uoill oU jL <> <5jL J£ ^ 
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*J.‘* (<-i) i&Li iUl 


. (Nr/oJ^JSLA 


V»>L«Vi 


olj ^ jU ‘ <> <->► jLm^ (i/\r/o) j<,m i 

jLUI 0 >i- ^ (\r-o) ilabdl > 4 , .y 03 ^ cJ^ * 

: >**U JiL^, Sj^l JiU optical path length difference AT (OPLD) J\j \t f 

m 

AT = OPU, = 2£(„ Q -„ ), 

Q= 1 

m 

= 2 X ("Q-ng^Mi-Q-x 2 )/* (5.12) 

Q= 1 

:(*-o) JibUtl 



<^ljl ^ Z , JSLJI <-iki* CtCuj^ J£ qo <_iLUI ^ A7 >..^ 

c&llL^*^^ LS x,z iSJ l^ll ^ oul^ll x i^i]] j^JiLUi 

(v/'V*) 
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radialjjtti] I *LaJl ^ ^jjjtl jLu&VI Ju>L*_a (\ i-o) ^j»j <JjL*II ^ U.ij 

: flai * j-U3u olj olLLII SSIjjUuU birefringence 


z"-z x = 2AZ 


m 


( 5 . 14 ) 


X (Anq- An Q .!) ( Tq- x 2 ) x h 

X Q= 1 


• Q fij ^jjjll jL ^fCW I <*jj JIuu A nQ <*uai 

cU-IjSII Sjjj-® <ULa. jji ijJfll *L^ljl <ajS ijJk (Z 11 - Z 1 ) <aJjj *Luij 
~ il^laill ui^uhjIuIjAJLlxiLj non-duplicated «LajjJI j_tc 

. ^CLa Ll^JL 

*jfjuiJ radial birefringence Jail I ui-ai *U:I ^ ^jjjll jL^WI ^ J—j 

• Q = 2lu4lL^\l—0 j <Jjlxll ^u(j SJulj (}GLL OjSla 

J <1jIaJLI JLLIj f Ultft jJX. jC. pJ n2. jk oljj olldall SJJUlL# ftj_l*.i.tjl <JLa, Jj 

; (\ 0 — 0 ) ^3j<Juo^alI (A-o) 


F=z ^~ X AgCnq-nq.!) 
A q=i 


( 5 . 15 ) 


-/. 


Zdx and A 


= J tqdx. 


£-iaill olj oLLJJI ftJJ jLL* a j j « ■ MI <1jLj»_* J aK~! 4 -v J ~ *111 a X* JJ J^ajill Jjiajj 

il l I JaU « tQ — yq jl 31 Ct < X < {3 V.ftln’iall ill I 1 Aj-ftJl 

, v. . <LjJI <a.ljl Oal 

jrjjJU jLuiiiVI J*Lu^ jluuI i .a_>j^< jL»Ja Pluta tji j iV> (\\AV) ^Lc. Jj 

cjjtlni*i i<> * qu diagonally ^Joi *LoJil ^ ij _JLII ^ <_ul j u,..yt .11 . IM 1 

*^y2u ijjuuiil *jj» *#Lil jLkj. J3L« Ji 5jj .ii i . aj two crossed polarisers ^uLal. 

jL ^.1 * * LiAf i.ilrti m ft *JLA ^>,1 -t*i ml MJ*^‘ ‘jjv J *» Lj-jlftOiiLi £-A <^ojll djla 

IjAj ■ M A “ I t I it J^Li. (ja Jtj, tAll JaIjlIU jLc J - ^ 4 KL“. ,.. a 


-wa- 





optical FouriercL^JI ^ ^ ^ jiyi ^ 

**> ■ -»ysu 6*011 jL-Snll ct~2 Sco* Uj> r oi^ transform 

' 5 -**' Sjl -> U i - 3 ^ t* ‘-WNJ JUVI <k-.(*4 .*^11J*15 C(uri JailS. I JiLiV L 

: JiUll j> 0 %k; —£/o 

Applications of two-beam interferometric methods to optical 
fibres 


^hUIJilaal JCtyL 02J.o-alc^UI, LJ (\/ 0 ) ^ J ,.|. 

Jclj*i>—Jl JUVl Ja^jaJeJ, ip^JI JLJVI 
* jUi ' J * u * v'^lj *y-J' JLJVI Jaijjjj. (STEP) l^ill o,ti .j.oi J.U. 
.V> 4^1 ^ai J>UI J*l=JI IJu 6-ilu. (GRIN) Sji *A|| iS^aaJI^JL 
Ghatak and Thyagarajan (1980), JL~S ^ J*^J| li, ^, ^lj,’ 
Okoshi (1982), Marcuse and Presby (1980). 


u->* JUjj-i JilaUI Uj^L -S/t/o 

Interferometric slab method : i^.^i ^ 


* • N <*i CiU* ^ c*a JA> slab ^JLl <3L>UI ^ ^uil ^ ^ — 
OJ^fU? <j] £i±a, < ^}>^l ^ (jIa^IL 

u«Lib• '^ Jl jf%> 1*1*. U* Jji.1Lull 

si^V jkUl yi SjsjjL-ill JLkjl SjxjuiJi jL&l j^u* Jjjij^ 

( 1 /N£/o) J^ill^ v s0 ^ h5j ^ 
JiUtfl £A >VI t ball ^1 jU <A n 2 jLu^il J,U. JUiLa* 
cL-LUIU^j 5j^l a-A ul M >1 ULi. ( v /\ £/ e ) ^ Js^i 
<iU. yLk ^c. u^L>l! c*ll^ CaJSUi* UK LjLjJI ijjjuiJI <Jt 


a«JI <1^ <djL4* <^£ 1^44 J^kk ^ Jilaal V d^ ^Ji:<JUJI 
. Saddl £.jj3 V ^JI 6lfc ply , CrGJllL. ,^Uu ^ 
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jl l»*i jyLLi ^jJl J^l ji 4 ~ ■■•Ijj s^UcJtl tjj« JJI ^jAjJ ^ i^jjj 

^ S (x y) Li^ll LJjl < («a/N i/ o) J ^it i l L ^bu9|>^Jl IS uA4 3xj »a>,« 
relative phase difference ^>^1)1 j^LJI jji < i j»« -H <_J y 

i^Aaull '**•**- ■ >jj • iMI jAji i^u phase retardation >d aJI laiLuJI 

. ( Wo) <JjLxJ1 ULL ^LuJI 


V = ~ (n (x,y) - n 2 ) t 

A 


2 k 


¥ 


(5.16) 

(5.17) 


D S (x,y) 

: i^uJiHs Quijljlt £/Oj JJk (jo <iLJJ Jlti D 


(6) 



fa) 

D 


■Y 


Mi 


w 


ffl 0 ’ 




UmVI Ljk L (JLo jLJll i kilVl (jjLS (1) : (U/o ^ij) <JSm£ 

iy ; A 0 2 , Oi «t^LuJi ^^ili R. S « Lij—. M 4 , M 3 , M 2 , Mj *lslji 
jL-iil J<Lu <Lk>jjjLa Sj^uit t (j«jl (u) • < Lut^lc. > iUM U • D, C, B, A < 

n 2 ^~j'**ji■ i (j^i«J 

jJk L*£ X,y fjic. «_illl ji S (x,y) L^ll l=kl jj liuabjllilll uii (-^) 

C-v* 
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Table 5.1 Interferometric determination of the optical properties of optical fibres. 


Authors 

Methods 

Results 

Rawson and Minray (1973) 

Interference between light reflected at 
both ends of the fibre 

Determination of graded-index fibre rm- 
ameters, C 4 and (£, in 

* W s '•o (1 - 5 f + C 4 8 m 

Martin (1974) 

Interferometric slab method using a 

Mich ebon-type interference microscope 

„ t 6 6 

CgS r +....) 

Index profile 

Presby and Brown (1974) 

Interferometric slab method 

Graded-index profile, accuracy in index 
data to a few parts in 10 4 and a spatial 
resolution of 2 pm 

Cherin tt at (1974) 

Interferometric slab method using a 
Mach-Zehnder system (Leitz interference 
microscope) 

Refractive index measurement of three 
Corning multimode optical fibres 

Burras and Standley 
(1974) 

Interferometric slab method 

Viewing refractive index profiles and 
small-scale inhomogeneities in glass 
optical fibres 

Burras tt al (1973) 

Interferometric slab method 

Refractive index profiles of some low- 
loss multimode optical fibres 

Stone and Burras (1975) 

Interferometric slab method 

Focusing effects in interferometric anal¬ 
ysis of graded-index optical fibres 

Presby and Kaminow 
0976) 

Interferometric slab method 

Measured d«/<fl. for 0.5 < X < 1.9 pm 
with accuracy of 1 part in lCr 

Wonsiewicz tt al (1976) 

Interferometric slab method 

Quick determination of index profiles 
by machine aided method for me inter¬ 
pretation of interferograms 

Presby tt al (1978) 

Interferometric slab method using a two- 
beam single-pass interference nscroscope 

Automatic index profiling 

Shiraishi tt al (1975) 

Mach-Zehnder with light passing per¬ 
pendicular to fibre axis 

Index profile of graded-index fibres 

Mariiic tt al (1975) 

Two-beam transverse interference mi¬ 
croscopy 

Analytical expressions for OPLD for 
graded-index fibres with quadric index 
profile 

Saunders and Gardner 
(1977) 

Two-beam transverse interference mi¬ 
croscopy 

Index profile of graded-index. 

Determination of A and a of a fibre hav¬ 
ing a power taw profile 

Iga and Kokubun (1977. 
1978) 

Two-beam interference with light inci¬ 
dent perpendicular to fibre axis 

Graded-index profile, considering effect 
or refraction of the ray as it passes 
through the fibre 

Kokubun and Iga (1977, 
1978) 

Two-Beam interference with light inci¬ 
dent perpendicular to fibre axis 

They derived successive approximation 
formulae for calculating index profile 

Iga tt al (1976) 

Differential interferometry (shearing). 

One beam is laterally shifted by a shear¬ 
ing device in a Mach-Zehnder interfe¬ 
rometer • 

Measurement of index distribution of fo¬ 
cusing fibres 

Boggs tt al (1979) 

Transverse profile automated with com¬ 
puter controlled video analysis 

Index profile of graded-index 

Presby tt al (1979) 

Rapid automatic index profiling of 
whole fibre samples 

Index profile of graded-index 
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X \i/ 

(n(x,y)-n 2 ) = 2 ^T 


(5.18) 


. x x 2jcS (x,y) , XS (x,y) (5 

n (x,y) = n 2 + ^ = n 2 + jJt P,iy) 

fa t ^1* «J^lja)l i J .**? 1 “* >♦ ^«MJI 

. ^uLilt travelling microscope 4 ju2jJI jIjuVI ^LSl v-o^uou^* f*** 

>•»* .A J At tt ■ j< * ^ “ *mI die. ( \V-o) <Jjl_ jlII QJ * t~~ D 

(ji L*i. Sjl^Ij *>* <•_> «H o^iVl jjju transmission-type jtull 
J<ah yi ^^>11j Michelson type q> .yK,u fLJii 111 ^$>—^11 JIIjJII 
: <iiVI <JjLju1I j* <iuJI i».iuVI jai - Cherin, 1983 -o/®J 

^> = 1 ^ (5-20) 

UjjUI *jfi spatial resolution U.Iji S (x,y) jlail <aij Jil 

. (Martin, 1974) ± 5x 10”^ ^Lul An <yi <SJI 0.7 pm ^ 


sf _. 
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ci zi -*—W 




1 


A 


itAlxill u ->j«»^lillwLuiUVl jL«^*il J*Lu JAjjj ^LaSJ (fjjLoal I ^ tIn > 1 1: (No/o 
O2, Oj • <LjjuAil <L*jaJI (fB < jXuoJLI L i t i j^ . j jiuKu ^UiJ ^it fllilf 
3 I ^ 3JL»V jl | ~ W > : j ‘ » ■ S < * M 2 , Mj < m 


_i__l_I_L. 


Wavefront tilting ia^tl 
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LLa i jA* . M l i>» Jlla2H <5^ yj ^uLill <ia 

*iU-u«o-Lii f ■••“ <JLjUI <Luj3L.“ j i~ ~ 

c *^l>vPl * ‘-•Lj6Udestructive«JbL»]<I j>UI* 1* jiU.yA,jSfl I jji^faj 
<*-iVl oLaJil Jj5l3 jA $JU>LJI hSJk ^^LuVl 11*111 . oLWI jatAaJl JLjjL 

. Ijfa. JjjLaa JMJ Ijjji d l/WM JjjfL; <U-ttU, t (_ya jSlL U Hv* # (jut 

V* 1 * ^Ij oVm L tJiLJ^U jLhIiVI J«(ju JL ^ ^luu —Y/i/o 

: ijjjulll J* LmyuAMM #^iJI i^Iui ,> Uslill JiliSlI 

Index profile of optical fibres from their interference patterns 

(S l -K> ****■ » ^iLiill JUalll <JLjio (jxJoj ^2 

#j^a1I 45jL«-« Sa] ,ji {-*-S(j3 LLjkil *i/k . &j j ■ .t . H jj-a-* ^1* L^j-a.* 

pUiill (V\/®) c-A>d3* Mach-Zahnder J^la2ll ^Lit 

. fLlVwntl 

matchingjj k * ^ic. Sjjo.>*ll <?«,i*Vl j« 

*<aa jjrij. n^j^j Sj^iamII ijjiu jUw5ul (JaI&a ^jL*u n^ *jln^.‘il liquid 

J>k tr* *-^3VI C&}-* 3 U&-*£ ‘ Lpj-JuJ cbLa- jt .,.<‘>1 JjjJ < * iuVl JJU <JLaJI 

^ (Nv/o) Ji-UI (^ujj« l jj,».,,tJI v_Jphase shift <«u£Vl 

. Shiraishi et al., 1975 - iULi* 

u.a <*-ilVI tiua i L>a <LaiVna 6jJ» <fil ( \ A/o) ^lj ■* M j 

. J iC i m II Jj» Lai Lafll <a,ljj (jj iy S quill ft JJI 
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*LiL- ^Vl ,> JiljGJI ^Li. : (U/« f*j) JS-i 

' O 2 , Oj . M 2 , Mj . ^^1 jAuJI L JUi, sjjiiu&tl J^ 

' j/* *jl>*** *F 1 Lut E < B 2 > ® 1 



UjL-lil J-U-* n (r) S^-iJI Jiu F 4^ sULa*. JSU, ^s j; « a : (\v/o ^i,) JSLa 

. tULaii JjLi jImCiI j*iu < 



Z *L*^VL Uj^ J^y, iy l^Li cA^S Sjaaui ^>-All JAU1I v a* : (U/o pij) jSLi 


— \£ £ — 








: excess phase shift JLuiVf UJjl S 4 L 3 II (YN-o) fa UiUJtl 


Q (x) 2 K 


r 

I An (r) r dr 

I r 2 2 ,i 

J v (r -x )2 


(5.21) 


An (r) = n (r) - 

• tjJXiil I tjwl jlai 


Q (x) = 2 7t 


O^fla.1 ^III «ULluII d < igtlijfjlA {j&aSA qO <iLuJLI D 

: Cx&i • (JmLaII Uok. 


d(x) = 


C 

1 I An (r) r dr 

I ,2 2,1 

(r -x )2 


(5.22) 


Abel'sJjJ ^Ui, JaJi Ji • Abel’s integral JjI J*ISs ^ 

, jiic ^jLaJI Jukill ^1 Jlj ^jLu« inversion 
Differential interferometry : ^L^Liull U^L -Y/l/c 

>*i>C u (NWA) r U "Igaet aT Uul 

C'*'**** ‘ J».(Jill Jilj iJ lu shearing device ^ai UUiL 

Jiljlll ^i iic^L Jiljill u-U- jU. (N Vo) JSAll 

UL-l UUc^U-ill j^l . s^jjlAIL La^lS^<*cliu£<>glLII 

ol>*i Ctx JL>1»JI ^UL+JIL^IjlS J f U.l , SijJLua 

. (Y*/ 0) JS . tJ b US i X+S, X jjc.ijjUU&lf 

Q s = Q (x + s) - Q (x) 

* 5 jo*j-o S <aj 2 ( jjS l Ujjc.j 


n _ , im Q (* + s) - Q (x) . _ d (Q(x)) 
s-» 0 s dx 


(5.23) 


-Uo- 


<> ds (x) <a.ljVI Jc 




(5.24) 



yl-iUUI ^ o-Qjl £11 JUaUI ^UL.: (U/ 0 ^ij) Jl£ 

. shearing u^l S Jl^(\v«) 



. o-SJI <> yliUUI Jilail uii <jd>£ Cj^L^i f l+*j : (Y ./e ^j) J<a 

dielectric JjU yi -LiL-iVI j>LJI <1 jLuu s joa.Vl <JjUII tijULuj 


: £ua d d»ui 


Q = 2 7t d/D 


d s(x) = d(dM s 


-MV 






<JU1I *i* . (to-e)U*Ul f UjLJjn (r) jl^VJ 

Jj| s^iU. <ij> ^ differential (shearing) ^UsJI ^^1 J^l <l> ^ 

. (VY-o) djUILojjjSL 


An (r) = - 



dx 




(5.25) 
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(ju J LuJ I I 

ciUVl Jc AHIII, , LLUUI 

Multiple-Beam Interferometry Applied to Fibrous Materials 


: ciUVl J*. J.UUI vi4 

Fonnation and application of multiple-beam interference fringes to fibres 

. uflUVl , JJ J.A. l.t“H 


• jL&ltl die s~> 11 d^ldlll < L jL — \ 


. o-KaIVI die JljujJI Jildlll -Y 

. O-Kon jitj jliill al* iUjJII iii_.ll jj^UI ^ _ r 

oi jjtil o"IUiVI ai*, jUall U aaadl l ^jJI JilaiJI UJja ..rn^ 

jid ,> iySill JJuofl Jilallf yJJ CJjii 

o-lU .*S oUi ^ -efrjjJu-j ^Lil JilaiJI yJai. aU tf l. LUa 

4Jii.au . ca-Luui 

ait JiOlly^-illJiljUl jjU oliaak: ioa aaytj . y^All JiiallJ jjaiiiyU 


. td-KxiVI dlej jliill 

r lA^L«.L rLtii -N/^ 

r klle ULJj lk^ L^lu c*uj^ c t- L -‘ 


The case of multiple-beam interference fringe systems formed by a plane 
parallel silvered thin film of constant thickness: 


-A 0 .- 






olL- J>L ^jLJ^ *> (\/\) fa JSJJI 

^ l i A . ni ■tjLLLljll LaL^km r^\ I^.jl ^i _ 

' (_|Jt 0 Ujlill4 Ojl^ J»«i Lai. ..I I 

<> JOJiHI o-l&uVL o^Ii ^Ollj illLlll oLLVl <La^ (N-^) ilaLJU 

: I^jU jLuiiI J^L^t loculi 

Rt = TjT 2 exp [ 1 (ax + y| +y 2 )] + T! T 2 R 2 R 3 exp {i[(cot + yj + y 2 ) + A]} 

+ T iT 2 R 2 R 3 exp { i[(o)t + y 1 + y 2 ) + 2A]} + .... (6.1) 

: yiVli <pa*ll *LLill <SJJ phase properties Lj^kJI u ^lj-^|| 

LUI ^ioUl *Uaill j^ku, / £-Lo u-KaLiVI ale UAVl jji, jjoli p 1 

jcko,/ ole jjLII ^ jjiill La P 3 , J3 2 < LiLJI ,^1 <^1^1 

l^l all^ ^a^LLkiJIjk^l J^LJI x=JI ale^l« LlajJI <jukll 

U*il «> jUill ale j^kll j_i_i^ll La y , *^1 

/ J—LiN £k«JI ale <ju£*llf P> aAll Sa-A la R 2 , Rj , .^yJI ^l<- ^li.-t ij 

2 2 " r 
,j_^ll LuiLaT 2 , Tj * 

(JJ—• tr* * ^ cr^Jlj Lkil LlaxJtl <JLJJI J^L. Siitlll 

. I JJ-A 0) < QuJUla ££X.(jLi£ J£ £jU Culill 

/?, r, 2 /? 3 r, 2 ffX 



r,r 2 r,r 2 /? 2 ff 3 r, r 2 /? 2 /? 2 


ili ttfij JO^UI ^1^1 J^UII V v tjili : (\/\) ^ 

cp Ki W I jlej jliill 


-\o\- 



R t= T * Tj (fr 2 R 3 exp (iA)) ex P [i(M + Ti+ r 2 )] W.2) 

b__t t I 1 - R 2 R 3 exp (-iA) \ 

1 2 (l 1 -R 2 R 3 exp ( 1 A)J 11 - R 2 r 3 exp (-iA)jl* 
exp [i (cot + Yj + y 2 )] ' 


-TiT 2| 


1 ~ r 2 r 3 cos A + iR 2 R 3 sin A 


. 2^2 


1 -f R 2 R 3 - r 2 r 3 exp (-iA) - R 2 R 3 exp (iA) 
exp [i (cot + Yj + y 2 )] 


R t =T,T 2 


1 -R 2 R 3 cos A + iR 2 R 3 sin A 


. 2^2 


\ 1 + R 2 R 3 - R 2 R 3 [ exp (iA) + exp (-iA)] 
exp [i (cot + + y 2 )] 




1 - R2 R3 cos A + iR 2 R 3 sin A\ 


1 - 2 R 2 R 3 cos A + R 2 R 3 ) 
R t = A T exp [ i (cot + Yj + y 2 + A T )] 


^j-|exp[i(o)t + Y J + Y 2 )) 

(6.3) 


oiUll JjVf £UAU UjjL ^ A t , ^ a t ^ 

A = —■ (2nt cos 0 ) + p 3 + p 2 

A# 

= ^ + P 3 + P 2 


ir a t 


: I T ixJi <uVI <JjUI| 


T^Tj — “ R 2 R 3 c°s A + iR 2 R3 sin A) ( 1 - R 2 R 3 cqs A-iR 2 R 3 git* A) 


( 1 -2 R 2 R 3 C 0 S A + R 2 R ^)2 


2 2 

T 1 T 2 


/l-2R 2 R 3 cosA + R 2 R 3 | 


(1 -2R 2 cosA + R 2 R^2j 


2 2 
T\T z 2 


1 - 2 R 2 R 3 cos A + R 2 R 3 


(6.4) 


-Not- 








R 2 R 3 sm A 

tan A t =-j—-- 

T 1 - R 2 R 3 cos A 

Mjj tfj*Li Ix-JUl ££j2 -Y/N/X 

DubuuVI jIa jjaSlI 

The intensity distrbution of multiple-beam Fabry-Perot fringes at reflection: 

: c-l&uYI j*. oa*ill JiljUIj^i v oji iUa LlVI <laUII jLud 

r R = R i exp [ i (cot + p!)] +tJ R 3 exp [ i (cot + 2 Yj + j3 3 + 8 )] 

2 2 

+ T 1 R 2 R 3 exp [ i (cot + 2 y! + P 2 + 2 p 3 + 2 8)] + ... 
Putting A = 8 + p 2 + p 3 and F- 2y l - p t - p 2 we get 

Rr= Ri exp [ i (cot + Pj )J +T? R 3 exp [ i (cot + pj)] exp [ i (F + A)] 

2 2 

+T1R 2 R 3 exp [ i (cot + p j)] exp [ i (F + 2A )] + .... 

= { Ri + T1R 3 exp [ i ( F + A )] [ 1 + R 2 R3 exp (iA) + R 2 R3 exp (1 i2A ) + ... ]}x 
exp [ i (cot + pj)] 


= I R! + Tj R 3 exp [ i ( F + A)] 


exp [ i (cot + Pj)] 


1- R 2 R 3 exp(-iA) \| 

1 1-R 2 R 3 exp (iA )] [ 1 - R 2 R 3 exp (-iA )] 11 X 


_ o exp [ i (F + A)] - R 2 R 3 exp (iF) \ rw 

“ K t + T 1 R 3 - T— - exp [ 1 (cot + p,)] 

1 - 2 R 2 R 3 cos A + R 2 R 3 


r r _ Rl + T ^ 3 e° s (F + A) -R 2 R 3 oosF + isin(F + A)-iR 2 R 3 sinF 

(1 -2R 2 R 3 cosA+ R 2 R 3 

' j 

exp [ i (cot + pj)] 


-Nor- 









R 1 + Tj R; 


cos (F + A) - R 2 R 3 cos F + i [sin (F + A)-R 2 R 3 sinF] 


(1-2 R 2 R 3 COS A + R 2 R^) 


exp [ i (cot + Pj)] 


7 JX 2 ' 

T[ R 3 [ cos (F + A) - R 2 R 3 cos F ] T, R 3 [ sin (F + A) - R 2 R 3 sin F ] 
+-_— -+ i 


1- 2R 2 R 3 cos A+R 2 R 3 2 


1 -2R 2 R 3 cos A+R 2 R 3 


exp [ i (COt + p t )]. 


In — 


Ri + 


2 \ 2 

Tj R 3 [ cos (F + A) - R 2 R 3 cos F ] 


1 -2R 2 R 3 cosA + R 2 R 3 


/ 


+t?r 3 


I sin (F + A) - R 2 R 3 sin F ] 


^ 1-2 R 2 R 3 cos A + R 2 R 3 


2 T^R3 + 2 TiR 1 R 3 cos(F +A)-2TiR!R 2 R3COsF 

— Rj - 

1 -2R 2 R 3 cos A + R 2 R 3 

Sc. jjjlIII Ij^ I aj.t.ll SjjJkVl <1 jUII ^Jajuj 

: jllJU. F jl <«ji g«K«WI 

F = (2 m) K Sue. -i 


2 T^R3 + 2 TiR 1 R 3 cos A - 2 Ti R!R 2 R3 
Ir = R1 H- 

1-2 R 2 R 3 cos A + R 2 R 3 


— R 


2 TjRj T>^-T?R i R 2 R 3 2 + (T?R 1 /R 2 ) 


r 2 

= A-B + — 


1 -2R 2 R 3 cos A + R 2 R 3 


1 - 2 R 2 R 3 cos A + R 2 R 3 


-Not- 















where 


a = Ri 


B^Rj/R, 


4 2 2 


C = Ti R 3 - Tj Rj R 2 R 3 + Rj/R 


F = (2m + 1) jc Ale, 


Tr _ p 2 t T 1 R3-2T^R 1 R 3 cosA4-2T^R 1 R 2 R^ 


1 - 2 R 2 R 3 cos A + R 2 R 3 


4 2 2 


2 y _,2 


= R? + rT^R,/ r 2 ^ -i--Zi^l LEi^l R2R 3 ~ (T^R,/^) 


1 - 2 R 2 R 3 cos A + R 2 R 3 


= A + B- 


1 -2R 2 R 3 cos A + R 2 R 3 


where 


D = (TiR 1 /R 2 )-(TiT 3 + TiR 1 R 2 R^) 

: SxAll gjjjS u lfcia JSuil SjOail -T/\/*\ 

Analysis of elements determining the shape of the intensity distribution 
: cA>*-®N fcjSSJU JLdiiVl (jL j< y\ 

cr^- oi&i j« cj-l&uVj j£c jjjOII ^ 1 \x\ -j 

•* «* 

jUHi r tiii 


—\oo- 



fcjjjS ^ aUllI ak JilaSlI ^ <*LiJU o-l^uVI ak Jilalll v jj» 

^ m* ***** ola Transmitted like fringes ?.y. aM s*.m< 

> (y) <ILJf <jjUIL 

• ijj&ll S* 5 II JUilVl ,> tf V <£y*l\ SktJI ^ Jc ^Vl ^^1 J^J ^ 

. <2 t l m il CiljLkVI *ill^ 


1 = A+ B + 


1 - 2R2R3COSA + R2R3 


A = B = O 

2 2 

C = T 7 To 


: aliill ak ( v ) ^USAll . 


Airy summation <kLlf <t»jkJI Skull lP*" u4j 


^max 


-p2 _2 

I 1 1 0 


(1-R 2 R 3 )2 


^min - 


—_2 ^2 
Ti T 2 


(I + R2R3) 2 


A = r: 


for A = 2 jcS, S = 0,1,2,.. 


for A = (2S + 1) 7 t, S = 0,1,... 


^t^aaVI ak (1^ ^UxllI 


b = t;r 1 /r 2 


' 

c = -[ + (tJr 1 /r 2 )-t1rJ±t?r,r 2 r^ 


Sxoi^A A ^Lf^ul C, B, A *aak» <jijkJI Skull j>i ^kf^ll 

® 1® f <ILaJI Ikui 34 li*j < A jki «J A -.1 LdaXU <1JJ_UQ 
u^ 1 A ff® ^jkJI SkJI £l£>l ^ <ul^l ^UkJI ^ , CjCu^ 

^UUBl+JcXZ la] LI. (A + B)J^iai^^lSakil^^Lk^ 
J S*^ 1 ^ ^ fulfill <=kUll oU. A<> Jii JljV IBI ^i ^ 

cr^l <^ 5-^11 *akJI (> ^klil ^ jkVl a_=JI ^jiajuj. (A-B) JjLlu 4 A|kl 





u“L‘ * * o* Sj- A ll £1 , A jj«“ j<«“ 

A — (2S + 1) 7C, A = 2 Src ok. < Imin’ ^max ^ cr^MJ tsjfl & + ?* <Ckj juyj 

l/^b ^^ill Jkljoll uXI tjli C oil^ Ij] U <ILk , uUjiil yit 

Shv-“ * ji “^ (A + B) jl .ua i A ^oS ■>! (^1] ^IjllL^ut jkVl JLsJlf L^jfi JMJ 

<j_kLiJl Loo-* Jj-il Ij <JLuj B <_*jJ LaJlLcj. * j 11^ H 

*l>^ 6b *-+?<>• B, A ^1$ jji <JLu< C oiLi Ij] L*1. A - IBI ^J] 

^ ‘UiLflll (jli I = (A+B) ok A J ja*A Jc. CUUuaj ijjkJI 

jUJI Jk JkljUl i r i±A Sjj-ua ^ Jti I * <1juuLa <aiik Jul*-* Sjla. U^kL 
^max **-*-+ * 6 j^-* *^LaJI *+* . >-»kVl j_aJI Lfk «4>1<.JU sijil <^JLI 

: 4:1 < (A+B) Ji| joiVl JaJI r 4«l <auL|| 

A + B-[c/( 1-R 2 R 3 ) 2 ] 


(2 S+1) K iSjL^ A A j S] Lajk tiiJaJ! j^SlI 


iuli k* ^ A ^ £-oaJ S+A JA (A + B) f 4*J jii « Uj£j J*«, 1 *£j 

<4^-pJI SxAll tiin --- —— j^Vl JaJI Jij . 

(1 - 2R 2 R 3 cos A + R 2 R 3 ) 

: ioa. (A + B) cook jlS <JLJI * 1m ^ ^1 AUlll ok JkljOll v j^1 

C 

at A = (2S + 1) k 


^max 


^min 


(1-R 2 R 3 ) 2 

c 


: ullj$< 


at A = 2S k 


d+R 2 R 3 ) 2 

: cr* <^4^ 1 ( V^) ^ J-* L*S 


Imax=Rl + (T 1 R 1 /R 2 )- 


(tJr^RiMtJrj + t^RjR*) 


(1 + R2R3) 2 



(T?R 3 ) 

(I+R 2 R 3 ) j 


for A = (2S + 1) k 


\oV- 









^min = R1 ( ^1 R 1 / R 2 ) ~ ^ R 3 + T l R lR2 ^3 ) 

( 1 -R 2 R 3 )2 


:cUjS^ 

2 


Ri 


t?R 3 ) ^ 


for A = 2 S k 


(1 ■ R 2 R 3 j 

SaJJI tup ^ LSl+dl JOu^sJI (A-B=o) JjVl <JU 



^jUU^j^lSAiVI sUt ajfcUl Jilaal v j+! SxAJI : (t/O) ^ JL )<.». 


<> JJjOII yj -i/\f\ 

' tfl ^iVI UAJLaJ CjU-fc^L. 

Multiple-beam Fizeau fringes by a silvered wedge : 

J>—mJI «u*pUI o L l kl JJ^LJaJ (NMA) ^Lt« Tolansky ^<- 
Cju^iL* c&HJ-i ^Ia^uL <jj£ill gJ^JLI jLh^cA^I Jllalll v a* 

Air y summation <**1 ^ c*iuJ) >VI J* Uajl^I 

- >-*•** (/* L*1 fdali* JJ »n>l l Jai^ll Lfoi Cx&± (jlll <JlaJJ 

I (ji«u <jU «■ I v >4-11 <j-« <ayj_Li yjix«VI <JL. t X ,»L , J1 

• (£J*I kjoyi t ‘LajjIj faw<r» tr ic. 


-SoA- 






V-4 1 <tjAH>M JJL^< <J iu^Vj4 J*e\j 

4,^-SJI J^lalil yJfl <*£ll O^iVlj « t^ujljla Cfra^.* r l .^“.- i : ol^iVL. 

£“* v tPW* U^-V 1 y <~^b UUlLI OuiVU . Sajb^, SjjaIII 
UJiSUI <~>4JI <JUI ^ Ux.« <jjLua <Jlji* quSLlU c&IjuI el dju j^l 
outVl <xlj C*JHL.CAcU^t os* Aa>UI J>aA* Uo^a*xJI 

A = (2nt cos 0 ) + p 2 + p 3 

K 

<A^U jjU\ OLLI jxxi c^VI <JU^ ^ 

’ CSJ^; bij ‘ ^Lux <Jljla £xL V <cjaaJLI jjx ?...<«*t i 

4 3 2 

JTCS e N 

JttL ^J JilaUI <j3j yJ N « ^buiil <j2j^ S < <{jlj ^ e Aua. 

’ C5J^y path lag jLJ.1 iji*. al-^lt l £xi&£ iilljjj i *LuiVl 

-« J^ijZ » LfW J^lx; v .u Jc Jj^-JI ^1 <1LJ| t/ ]Lr u 

C«i—yi t l t^. u 5^i ^j JiyJ* JL\S1 i* . .ILt: 

' tf-* 1 ^ J 1 ^ 1 <> V->^JJL^ 1 JuJ w^i E 

X : retardation | S 3 /allill <ji« 

E, t <uu5l y-ftSVl Jajl (jJoaJ <j J^uull jLaJI 

Sa-u< jjJti <i ^j-a i.ill xaJI yi (\MV) " Barakat and Mokhtar " jy* lj 

• t u < rf>5 Vl ,A^]I » tilljjj jJ| 

8 


2n 


2t 


K S E 

3 x 





Jiljlil yAA J* - JUjiUI » <_*ai tf all JjUtMj 

yafll klk Jjuks JU^ £JL^y <> qji-^l flakl*«L ^541 5 aa^ 

• jjLaJi 

ijic. fjSZ ciUSU jLuliVI coLUa ^Ui <iijJo fjii , JLuaiUL lia>V £uJ>j±uj Lgj 
*J« * "“ Su^ <3^^ ^ ft *|V -fc I (J-i-ctJ i ^iAiiiu LrUjJ-ik ^ -V U ... » £jU Z j . . ■» 

*“ tfA 3 “ # - C *l^-*l fji j^SII Sj J ■ i t JI <J_A OjJlX ^LjLui 1 « !*■« £jl j - — 

C> “^-* * <>• <-^ 03^* ut fC4f ^1 * (1)1 • jjJJ-uill CjuLmjVI 

V^li3 JJL.il 5j _ t a ^ interferometric gap nt .~M 

. <*21*111 <juiVl a u phase lag j^JLII 
Fringes of equal chromatic order : L^UI ^ 1 ...-: . ..a -o/N/'l 

*^3^ \>iuj giLII *All JklalJI fj 

cAfc 2 * o f >Ai ■ <*>VI ^Jt Ljiaa.1 Jjuu(^.A. oao 

. Feussner jSjaU cm^uVI ^ yjji ^JSjII a.,t-k* 

olj>a «..ll ^tf^V xi-c. ^U« Brossel JLy^ »>JLiI$l aij 

: <JjL*JI ifLftjj jijtjU ^kxij x <iLu-a alt planes of localisation^!*!! Saa^Jll 

2 

x = mX / 2 a 

(X* ^ ’ «£*f^ ' Jklajll t^uLJLa ^ . J nm jjJc "U^^ac. <*_iiVl k jjL-u < H-y ^ 

.«T< T 1 N juilI m a^Gj^ jaIuJIII< ajj JjL 

dA, jlailL X Cyi . *>kJI <a^>A J*k ^k x <iLJI Lyi aLitl 

(*^) dX : tSjLujj X jljlal ^k (£jluJU £ 5 ^* ia.ljj 








: LSjli (fjUuS u>u jjjiu 

The formation of fringes of equal chromatic order 

Jilaill « t Cfuuk iiUuu Feussner surface jij^U ^ku, ^k <kii JU 

: l»jk J Lilli jl>c ^ujl 

NA. = 2 t cos 0 

<3^»h* ^jj-xAJI JlljJdl <j3j N< J^L yj A, dua. 

<-a^.... (N+ l)fijV3jil ak (Aq) Jjk ^ kj^l 

. (N + m) 3 j3jII 

l | « Afc t ?l . rt i"»A JljkVl <1L* ^ IJJI jdaijj 

tr^- -Hje 1 -* e^- u| • continuous spectrum . a.L 
SH**-* Jl>U ^IJ ,^2 ^III point fringesSakiill ^a*!! *1* jU *>~UI <^o J*L 
AjJAa-JI fall! .lift V] ^L« Ifljjj jjSjuVj < <_k*JI tf. Aju (jlt ^23 <LtH* 
jl <ujlV 4 < » >a r ^l akLui L i_iLk* <aJli ^Jc. jjjjli g&ku* klkJ ^3 lali . N <j3jil I 
Ia4 (2>« Ikl jllki <-fc fl l I a la jjU * 4 ->~1 a l l Ljjjji ^yl^AJI JAIjsJI ^..1»«. 

■ Ja^JI IdA itfl J IaIc. t uLuJI Jjixjj 1 ^xuJI 

iJLUl fejii *ja (jLi < iuLSil! a 1a {y> aae <> UjIa kill jLkL, 

(S 1 jl * 3 f Ljj . spectral plane ^ik ll <3 j42a >|kil Icj»a.« JS J-»«* 

* t + dt, t tjjkuJI LiLkll k*» <khy(jj AjliHl ^all kill yJt L«‘ 

C{^>klf ale. ^likll n ' t l yi (jlj | U > J)li, nJ > I I iJHalJI <j3j (jttiil glk 

: i^u-k A. 4- dX < X 

5^ = (t + dt)/(X + dX) = constant x N. 






.ji^j,^ ( .| j 

«****• ti-^vus^jan^^ Jt ^^ i _ J( 

^ltf«W^^) t< ^lljll Jl ai vX ,^^ ^Ja f . .^ 

?^I ^1 v^u*- ^ ja 5^ w , j^i tf . 

■' The condi,ion for formation ^1 ^ ^ ^ i^x 

J^ J. t ^ l {J ^ ^ ^ jUi iAj ^ 1i Ji(ji(( ^ ^ 

vJ»)l »-u LU^lf^J f UiiJ x^j , Principal Brossel planes lu.L.Vf 

»JJ»^ J ?^.( >< i J ^ J<i/ i ( lJ| (S)lM j | jSelioIJi.liS^ ^..il.Llll.^^p 
o^H,>dtiS^ tljJII j gfcu ^ ^ ^ ^ 

Ja>^**<eb^l^j3jll(^Luu^,jj ( ji (\^oV) • Barakat oti^j 

J>L .*«-“* tf i ■ o^UI <^-^JI 4^. J>U„_lt xU^.V .-,JH Lf *Ut f lb;» 
ei- > t.uuu*^i j* c jUi ^ ^ ^ 

“* i ^ £ai Sk>JII <-«jli tfjl—,s v a* ^ ( >i ^ = ol3 

. jJlull t>S±=^j ^-...tf 

Vo 1 * tfjUs V 04 JUi 

The shape of fringes of equal chromatic order 

LLi vi4 ]|.| . yj)j|( ^ 

tcu^i Y^l m d ) 4 * 3*1 131,. aLJLII^^^jba,!^!, 

; 0^ tfl« y ^Sllj^ji 


-uy- 








t = f(y) 


vX4 ' (X ’ ^ spectral plane ^ 

a. y) «*-M JJ (tjr) 6 . t = f (y) «b W l 


• ^IgaJLmL 


NX, = 2 nt cos 8 


J^4 x * i *iJ. u>&>WI ait jyUI jjijJI J|_jj ^ ItiVl 

** CA 1 U uoar I Wl au ^^ ^ 


(N + j) X = 2nc cos 0 


.* ^ fljLdl 


: u^J v* C£L>U J^juj 

,iA ^ auui J. ^1 jox-j ^ oaAiji ^ _, 

. ciLUl 

. aLUl jjz ^ 

JLU f 1^1 . )W V> jJWI u^ ^ ^ tf! (fW , .u, V( 

<^D J^f^^^VlilLJI^, a^JI w_^. . .1 M .-, , 

: Hartman's formula a^jU 
X = Xo + B/(D-D 0 ) 

• <4? tt J!i jli * D 0 , B, X Q iua. 

-• linear dispersion LU U>iS ^ ^ ^ 

D = KX 


-nr- 



t, X. jU®I <ji JULaJI <LaJUu_^j Jjln ju.La Ijj 

: V-UVl <laUJtl Y, D JL^Luu 

N X = 2 n cos 0 f |^j 


i 

D=(2K/n)f[—) 
I \n/ 


g-4* 


• * Ij 4^ tr® JajiuJI Juc. <4jjd dlXj 


fjjUl N JakG I »■♦»<* (jAilili ju^ji ifj i i t ^ 11 ^ itjAXA <!j(a4 ^jJk ljxL*i\ <1jL*IIj 

yr* 0-X Y) 4Sjl*-<*U fji iiSA jj| <AjL*JI ., <Y <X < N 

uj ^pJ • <aGi <kxuljj ftJUOaGj 6jLlkl JaJjllI ^LLa ^Ikil 

(J-* J . 1 . 1 ^ ! Sjjj-oi gjju* Y, D jjc. Ja^o jjc. jxi£ull jjjfa 

^jib ^kLa <> gk; dia ^ Jll^j. distorted image jiYI j^l <k < j sSJl>a JLI 

jkl <~. t l I U Lull ) i)M.*t,U > iLJJll ^Itiaouil jj C.J . jaSL ?*..* yJt ._.,« A 

. non-linearity JjiUI ^Lklil ^je. dl^j 

Qvi-uif ^IdauuuuL <jj£ull Xu^ili <Lu jl I ^j l ■ ._.t A l J < v .* 

The shape of fringes of equal chromatic order formed by an air wedge: 


air wedge * lj-ffl ^y> tjdl ^l^fll cm^wYI «Lyly ^ ot cuK la] 

> * -*■ d l (j-* e<*—at t Ul l < ->*.& (g? " >.. . iI Lajlj_« clixa.1 uJ^f •*“ ^ ■ ^jJlj 

*>dJ <lal*-a <jj£U < LtkfjlSl <kii ak. qujj^All ig-tUmoll opticl separation 

• cjit jint 1 Hail Ikuilji £)UjuiYI jLlaJLI 


(t - e) / y = tan a 


t ^U^Alh'jA 

< .«. <t iVI L L ml a jLiill ak Ja.laGD < j ihIiwVI <JjL* 1I » ~H j 


: <*4>ac 


-\*U- 







NX = 2t 

NX = 2tanay + 2e 


¥-) 


a-#i 

(6.5) 


Y = cot a | 
N cot a 


‘ 1^- IjjU* (o-A) a.,141 J5_^ 

(9,-ecota) ^ m>... Ncota 

2 

The case of Newton's rings .- e»UU <JU. 

(t,y) tsjuui ^ 

[t-(R + e)]2+y 2 =R 2 

. ,UUVI 

* > mi £ s *} iJ*^VI <Lii jLiiiI j«*jj 

t = £ at y = o 


: (jl uaJ (A,, y) <£>1^1 Jl\ <jLLJI <JjLlU 


1 2 (R + e) 

N 


4R 

N 2 


2\-l 


+ "= 1 
R 


J-i **»•« G (R + e) / N,0) UjS* jii 5^ <J jU l U, 

• ^ W- r Ujl N jib Ui^ 2R/N, R Ui jiu»Vl jjaJJ jjSVi 


-Ho- 



JlaUl,. t 2 JLal uiu CU, R joi tjliiu Sjai— t ^ 6 | ^ 
oA«• JJj ^1 J^y3 L- 4 -S. Parabolas SilSL .^ 7^ , 

• JLoa^ v_.aflJ 

’ cr* (jjSu ^bLuJll I1 a ^Jt y&jA 


' lr) r 2 


■ cUJI WUL (R jUI u~; <* j) ^U-JJ sagitfc j, ^ e ^ 

^ ( " N • °> <^* U£l>. ellipses i^JU jii u>U. ^ 
e-4jS- o^lcU. t iXJ jl oU Jli^. j^Vl<^U ;-.- ■ 

•OW(jjji /» ■■■ii . i l l .U: tjijj) yjLuJ V .U a>i; Jlljlll ^Li. 

^ ( r/A ) Hj U*.L V— V J^JI Cl# valley alj Ji _,-! iz-i 

. **>111 -LSjll ^Ui v xi oiJ^l faLLJtl <^>^1 Jli-JI 

>iLfc * JI <> ^ l ^1 u.u ^ (t /n) ^ jo.t ^ 

<iaoili j-Li <li* ^L <h>HI *44>ll ^>L^ v x* gii5>, fringes of equal thickness 

6- jaL- <*>ll J>*» tfjU ^ f ULi«,l ji* Ji^, d^JI ijjL^ ^| s ..i- 
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jUill OiCU, Cju^ul JSJull Jij^JI Jilj^l uJJt _ Y/n 


Application of multiple-beam Fizeau fringes to the determination of reffac 
tive indices of fibres : 


tfj>b £b-*j J—iil liA <> J^Vl pj* 

> e A**-* <1^1^ ulljSj ^j^JI J.U >-it 

^Ijal v*^l 3a±z ^-Sll IJU ^jju i <^111 
. c_iUVl jLulil oiLlx* c*u*ll ^^1 |Jill 


r 


hI: 

r 

fV° 


(T 

r* 

v : lit 














ttlill Oli JUVI JL-ljJ ^ ^ _y T/n 

i»kVltl ImajaII 

Theory of Fizeau fringes applied to fibres with regular transverse sections. 

^ . JiLJ oVjLu, (N‘W\)« BarakatoK* »jLil 

CT* JJ f JiL^u (jJ (Jjjlj Lr iJt^yC. jJaS-a C.I j 6 jj» -*• j_aju Laoit 

4 ■ ciU6U jUuiiVI o>L»L*_a CjuaIJ oVjL*_ 6 gllLuilj« wedge - - 

. Sa^(j<JuL ^ <ijiillj<uu*iUJLU 
uiA Icj^u JL-UJI L^Ljil oVjUII Li 

caUVI IjJ oicj . 5_>LSj *-J <> tsj^a ola S jjjuZ ^ Laic 

(^J— <> oj^I wedge ,,^11 Qji-Vf Jif a Sj ^| ^ ^^jji jlIoiIL 

* J -‘" uAjj • >kVI ^Jc L*j,aI JLu < < A i A fl ft (^Lu_j_i_a 

LI^UI oi * edge of the wedge <^Lu,yi <iU ^ 

* J -‘ ‘ ' rf cr^“>*(°/^) fijJixillqujj. 6 > t » , t j| ; *,a .a it f 

r c OaLjL^il J*U* uJ ^ ( Tf b>ici^ J<LUI <^l^| 

n L 4jL ^ ( u-* A***-*^ Cij^i. aij, n s I4L1L jL£il J A U* Sj^i,’ 

*LaJV X. Jjl* olj i c*>> CikLu^j « wedge <^LJ 

t J^hj . e C^yi <utj oilij J&JA I jL-LU Jc La^ DC, BA 

<iU^Z j>=df <L&J »j f» ‘‘‘ h jlv^-o j;iILl L5j, jLIjiK ^LXft Sj^i .a..., 

ict^jUcVl^oLUjo-JI fo*^, 


X 


2 



O < X < r c 

X 2 +Y 2 = rf 

f C < X < Tf 


o & Laic — \ 


Laic —k. 


-\*U- 












x) Jk v j+]f jliLJil JU 

jL^II JjL <_mVI <1jL* 1I , plane of the interferogram * u ^n Jiljtfj 

BA ^ 

° — X — r C : v* jtn .i jfl^— j» L«.M1 (OPL) J&Jjl 

OPL = (t - 2 Y 2 ) n L + 2 (Y 2 - Yj) n s + 2 Y! n c (6.6) 

N <LSjll olj **■ *|l(j 

NX, = 2n L t + 4Y 2 (n 5 .n L ) + 4Y 1 (n c -n s ) ( 6 . 7 ) 

t = Z tan e 

. 7. J^aSti itkii cjcLu^Vt iiL* iaLji* C^LuuVI Jtjjlj ^ £ j 

NX, - 2n L t= 4 Y 2 (n s - n L ) + 4Y 1 (n c -n s ) 

2n L tane(-i^- z) = 4 Y 2 (n s -n L ) + 4 Y,(n c -n s ) (6.8) 

2n L tan e J 

: E 3 " (Z, X) ^ (NX. / 2nL tan £, o) J^VI <L& 

2n L tan£ Z = 4 Y 2 (n s -njJ + 4 Yj (n c -n s ) 

= 4 ( n s" n L> (r? - X 2 ) %+ 4 (n c - n s ) (Tf - X 2 ) % ( 6 - 9 ) 

ljL^.1« ^4, N JLSjll c*la < *4j*JI <^lj| Z u - : r u 

. wedge apex £*1^*1 Z , JlLJI 


-S'W- 








Iictfj jL^il cULc . r f ItjLi Sje^i ^ ULi. : ( 0 /l) ^ 

J.L^ ^ 0 ^ n s j.Ll^ r c *>i 

(Barakat, 1971 <>) n L .jL^sf 


oj-i « A Z j-»jIL JSLJI iikl4 yi CjOJllU qOuji £ju ii L...I I l; J t > |^| 

tan e = X/2 n L A Z 

Z 5L 

AZ4 = ( n s-n L )(r f 2 -X 2 ) 1 /2+( nc .n s )( rc 2 . X 2 )/ 2 (6.10) 


At X = 0 


Z X 
AZ 2 


= (n s -n L )2r f +(n c -n s )2r c 


= (n s -n L )t f +(n c -n s )t c 


where t f = 2r f and t c = 2r c and 
Z 5t 

AZ y = ° s ts + n c t c" n L l f (6.11) 


where t s = (t f -t c ). 


Z X 
AZ 2 


( n a-nL)tf 


( 6 . 12 ) 


-w— 






n a~ n c*c/tf+ n s t s /tf 


• A 


^ n L‘ *f ‘ Z / A Z (j-lSS I jlar oU^UJI *Xi j...l.-t j 

Becke-line eU J^UII a*JI <i> f l..ar.j. n $ 

. nj. uU, At* differential staining ^L^Vl .j.-tn 


liki. J coJLLU cjiaa £y iiUdl Jt z 11 JU*,| Uljl ^ 

: - Baraka, and Hindeleh, 1964a - LSI *101 *. n'^^ AZ JSU.I 



n L + 


Z 11 X 
AZ 2t f 


(6.13) 



_>U£rfi j^Ut. a»i ?aui l/ kt 0 
5"Z T = ( n - n L> tf (6.15) 

Z&. Jj-All oil*,. n L .jUil J.6u Jiu^i ia> ^, r f U>i o^j ^ 

• on c CjUjU£ll J.U.^nj I^jL jUCI J.U. 

M <t»su SjAiii au, a-iyi u>uti ji&iL Vji i ..- u 

Jji^l i_>Ai ^ l^lVl jLaSil JLaty (A/A JS-) Sji ^|| „,., y 

: £“ j(“VI kii r c < X < r f atill iity 

Nk = 2n L t+4Y(n 5 -n L ) ( 6 . 16 ) 


-\v\- 


: Ji-i > > JSLlJI <iir>Vo <jIjJ| 

NX. = 2 n L tj 

Jilaal o-Lfi* cr* l l aj£» n s > n L <](_». ^ ol Jlj ^ -v.^ 

fj,<1 jUU l+A*:(j^llSj-iull<ikL.^ 41*^sn<jj£- jslji <iki* 

t aL^I ^ n s > <11* <IkL* yi JLjl^JI <a.|j| . (S V\) 

: <uVI <AjuucJI <Jj(jlII ikt, till jjj 

NX - 2 n L Z tan e = 4 (n s - n L ) ( t\ - X 2 ) 54 


.(z-_ 

\ 2n L tane J 


4AZ 

X 


(n s -n L ) (rj-X 2 ) l /2 


(Z, X) ^ (NX/2 tan e, o) <kliil ^IJ 
-Z = ^(n s -n L )(rf-X 2 )!4 (6.17) 

A* 

JiLJI Uki* yi 543 ^ 11 JujLflf jIjOJ <kii ^ Lu,U-* iuxffl ^LJjl z 

• 2 I j^lc. 2 — NAZ: & 


: Sjjlill yi N <j3jII olj «Uifll J£A <uVI <1 jUII ^U.~j 


z 


2 



: (n s -n L ) ; 



2 2 

+ X /r f = 1 


(6.18) 


-> A JJ—^ 4-i—fcajj JJ_SVI Sjj. -fc n ci—hAi Lrf> _ i U La.—JoJ JILaj {J Jkj 

^Z^IJUjUUsI j^.(z,x) <iJ JL^JLI 4/ i ff , (4AZ/X) (n s - n L ) r f 
Jit n s > n L <1U ^ . n s > n^l n s > n L <ji Ul I o>LU* 
<004]! n s < n L LaLj * dMu-VI uuij aLjI yj ^Li . 

.wedge apex QiLujyi ^ij aL^jI ^JSLmll ^iki> >ft1 «f.^ I*. 

yi o^5U j_Ja5 <1 jI*a £.,2; ^pll J^lalll v jj» ( v J/\A) JlJtJI qujj 
oj* (n s - n^)<-a_iJi 5 jL»j olej. ojjjJJJ ^ (n s - n^) > o, (n s - njJ) < o 

’ (1 2~ ) **0^ £-* dM^VI U"L> *Laj ^aSU £_ki« *• JjaS . . l|H 

A 






(n 5 -n L ) 


(n s - rij^) <a_ifl jLaai jIj ium iI • SjSIj i tirt'i JL& jakG A — 1 jicj 

. jiuuc*i\ »j jau t.ii^’i»«-(juajilill ^Uill _y£V( >»aJtl t.iirti Jjli 

4^1 SjJLaII <ikia (jj JaaJI <ti XoAfll jA.ll (rig = llj^) (‘n ^j LaJuClj 

^w^* i <jaaS 6jLj jlj*2u«l .licj . JjLxJI 4 lint* i^)II jfjLal 

jj-i ^1 JiUJI <5lal» ^ £ 45 ^ 3 X 1 <i 4 l 4 .ll ^^ iVl 4^ 111 I jjj* ^joJiLi j-Li JLX ^jJc. 

» {J • I^ULuiVl (julj tUatl 


n ^ ftjLuill JiliU JjUii tj^UU y|) tjuil j't LiljLwj jjil.ii) <ILk. ^ylj 
tuii SjjjuJuII yl SjLa jlu^il J*Uj < rig tjjtiuXII ijili till* jLu^il J«liu ^jLuti 
(z,x) tf j luJJ yj Sjiiwll yl <iiali J)Ia lUilll All (jAljlll jjil u<U jli < 


z 


2 


4A Z\ x 

, 1 ) 


(n c -n L ) 2 




: <ijLdl ikku 

(6.19) 


. yjLUjjJI ^ic. r c , Br c L«jk jjLx^Vl J^ all > iin‘(j J^VI jj all (jj Stij 


B = (^) 


(n c -n L ) 


jljJLail jjjG «tjiwitl 4tln*»« yi (rig - njJ Xui <**«l^j Jiu jaIj 

yi tjiAiX <ILak yi < Utlfll JLX ylc O ^ X < ^ Hilull yl (llQ - nj^) 

. ij yutJ I *jJLt 5 jL jlm^il J4I14 juli <i Jilui 

UitAi j^L .5 fjj» yiJ-fll J£iJu jyjfc E I All i^LbuVI <Jjlj J_‘ «~‘ ^jTG <Ja£k^L* (jiiUJ 

• uiijill ylc r c , 2 (iIq - n^) / nj^ t3.n £ 1*^ jimVI > i aJ> I * ^j£Vl 11 

( yic. rk»j < AZ <-ajJa ju^i dlj^j jlajj j^VI j^aJll <jlA £ H^jljlJ JSS Uolcj 

. iui j£ L*joc J!iLm jJilj 


-wr- 












(fl) X 



* > (°S - n L> (a) JUtfl v .u J£** c^ue * (V') ^ Ji<i 

• < (n s - n L ) (b) 

N+2, N+l, N Cilj JaJjllI v^JU ,ja Ja^ <j| vijiZ l‘i f j 

: V 4*il J~»Vl Jai; ^21^ (V/\) ^ JUJI 1 £ 

n -/ NA. J 
0 N =-- , 0 

2n L tane j 
O n+1 = [(N + 1 )AZ, 0] 

On + 2=[(N + 2)AZ,0] 

• crl* 4 ^ u"^j o-* 

a i <> o^su e— fit 4*3^ ms^j y^i oi j. ii, 

til*. c« e— . U-| ol*i). Jj^l J>1> ^ jiill ^ oUiU.1 jl 


-N VI- 






liUl ^ ^ ^., t ^ t ^ 

c^J-UII AaJI jic. <JcwLf| <^*11 tjjiLy« *j**-£M ^LL* oLbliil ^c. Lij^ii; 

^ ‘ < - r ^ S“U^-yi ijxtuiJl ^JaoJ fju Ull ? UuAlf <s>JZ Sj^SIIj J»J . H 

‘~~ i><^>2 -k>i«, Uj^ Jk.oUii<Jl* 1 2 U U J^oLaII c L...h i,..k. ^| 

j-» (n c - n L ) J (n s - n L ) ^ oLiJ <LL-i SliL-lll r . m i ^ 

.SULSJLI 

^1 <1,1111 -u.U.Siy 5^, ^ jLak ^ ^ 

• J^aUII ^la^ujf .y y*." 

5 -**“* N <i=jll tf j 4J-iII JUlAll ^ J£J ijVI ajU, _L.- U 

• i>* ^ySL* 

Z = "Y~ (ns ' nL)(r f ■ x2 ) 1/2+ ^7^(n c -n s )(rc-X 2 ) 1 /2 (6.20) 

A, 

: qji«.yi o-Jj *Us (N Z, o) <Liill j> Lj*JI <^|j| 

Z = fj (X) + f 2 (X) 

’ tr* Z — f j (X) <IUI J£*i t/ l W u < _ r lil <JjUIIj 

(Z 2 /A 2 r 2 ) + (X 2 /r t 2 )=l (6.21) 

,.4AZ, 

A -^-("s-"!.) ;<t ^ 

: 51jUI ^ JUJ Z = f 2 (X) aui Jii Ulu 

(Z 2 /B 2 r 2 ) + (X 2 /r 2 )= 1 (6.22) 

d _ 4 AZ . 

B --r-(»c-n s ) 

% 

fi fi LlL. j-iV'uajS^ (X), fj(x) ydljl f 1^1 

Cfr-Still cental li-; OjSy. n c > n s > n L ^ Uii. I 

■ o**L> <yb JiL-JI <aLi* ^ <^1 ^ 






:olin L >n s ,n c >n s <IU t/ i L»i 
Z = f 2 00 - fj (x) 

<^ULJI Sj-tJu LxfJi ( V AA) ‘ (1AA) fJj 


: x = o alt Z <a.ljVI <«J <j3VI <laULI Jtau (1/V/*\) fJj JUdf ^ 
Zx = 0 ~ X ^” s " rf "*"^ n c -n s) r cl (6.23) 


Z x=Q-~- t(n c -n s )r c -(n L -n s )r f ] 


4AZ 


(vAA) J^-ck> 


(6.24) 




311^ v_J jj*. JiJaUI ui< J£u> : (V/*\) ^Sj J£a> 

n s > n c , n s > n L (b), n s < n c , n L < n s (a) 
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ciLLLII I ciUVI -Y/r/A 

Multilayer fibres with regular transverse sections : 


Uolt J£iJ^Ljll<1 jUIIJ^- ti ^ 

jLJI j>i <1 jU 1 <il^L dl^, oULlUI JLil ^ 

*> <JLJ> J£ cUL|_Mi] 4^J| JlLIj, (V'V) fij <1jUL SlUtl (OPL) 



I *L 

x 2 


• <laUtl Ciakj < Sj^JuJull <jj£Lll ,-. l a .Ll l 


m -1 


E n k r k- E 

k = l k = 1 


n k r k + l " n L r l 


(6.25) 


: <jU dlj^j « k <iUdl jLulil a 

K = 1,2,.m 


jA T| , J^iil J^U, J^U_« ^J| , <JLlL1I *jjk T^j 

( m *) "El-Nicklawy and Fouda” <> J£ kj . ij^Ml Ju^UJI iiklI >S 
:u ^ iu ol^kVl glltj < <LLdl *iA (N\A 1 ) "Hamza and Kabeel" j 

. SjOXiiil cr xi»j*ll gJaltl yj ^(Jalil 

J^lalii jya^ kjj-* J£*£l <JjL*-a (\^AA a,b,c) "El-Hennawi" -“vt- ij 
If* ‘ CiliJall 5 J.U- 1 ^ uCuuIm SdaJ a <JLk ..I Z J - ^-ff 

SjoxdJJ < 1 U < 1 jUI ojSj , Sjojuill Jib ^Uddl jL&\ jUic.i\ 



I(n t 2 r k 2 -n? X 2)^ 


: ijJk CllStlnll 


k = 1 


m -1 ~ ~ ^ 

- X ( n k r k + f n L x2 ) 1/2 -n L (r?-X 2 ) 1 / 2 

k = 1 


( 6 . 26 ) 


x o akj . Sj i* . f all fjr iJtj^ll g- L J LJl .-.UL.Ltl . t . t ^ rn 

• ( Yo ~'') r 5 -) Jl ~ **) fij <JjUII Jb^lj jL-lil 
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jlLLZII oli yrlt Jllolif r>J yj* JjL*k» -V/T/l 

Ufclilf jjA 

Multiple-beam Fizeau fringes applied to fibres with irregular transverse- 
sections: 

(Hamza et al., 1985a) *-*£>-311 JL«uL*iU dUVI 

Homogeneous fibres : 

Babinet compensatorcuiub f lali^L (HoA) "Simmens" 

* Jbi-Vl Sa^l <4 _w*i1L cu15 Cvj M tr^ 1 f Luu*SU £ja>tl jLul'.VI <£uul 

t-iLJSU £jj>ll jLuliVlj jLullVI 0>LL*-a . JS-ill jAC. lf| 

"Hamza" ^ii Liilill ^LLHola 

'&** v a* ^kli CJ _^ Lujij. ^Ul ^jtpllVI i^jluy^lj cr J^iJ| JlLull 
>** M tPhj vAh* 1 *—*LlVI L-ul jJ JSMuil ^/j-Atl J^i ,-it 

. ^Ja2i« 

Csi—J yi ^j-JI 2-Uitl ^ S^xj*_ui (A/\) J^JSJI 

<jlj •->"» -».jj < j-lVI jjJc LoAJual JjJ-oj « t> .A hftL -- Jjjla -A 

yj A &J J» . ni l {JaLft LLiJi <j3VI <ljHI yJaJ4j l SJ.jL«.tJI <oi OJAC. VliLui I - 

: (X,Y) ^jluJlf 

A - f (Yj - Y 2 ) dX (6.27) 

•'k 

tfjb-* tfUb * scanning line ^Ul .LU ^LLiS LiLft Loji Y 2 , Yj : 

d/liM D, C t >.1,Ua i ll qu Jail I laa ^JLjj , Sj \ ■ <*11 ^_Ul - L ■ ^ ^ Y jjaII 

. X jjsJU K, L (jdLSllI 

BB' 

^ ^L*iJl OPL yUju^ll jLutl JjJa LiVI <JjLlU 
OPL = [t-(Y 1 -Y 2 )]n L +(Y 1 -Y 2 )n a (6 .28) 
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u* Lr 4Aja]l £_kill Uall* jjc. S jm t m f^ajj : (A/^) ^ij JSuA 

(Hamza et al., 1985 a o-°) JSL. jL-£l J-k. n L . Sj^l ^U* kk*. A Ju: ^L- 


: <JjUII j^u N Jabljlll Ci13 Lj*il iutwILj 

NX = 2n L t + 2(n a -n L )(Y 1 -Y 2 ) (6.29) 

: jlailL t jc 

t - Z tan e 

: ^k (Z,X) CS jliJll ^k (NX/2 n L tan e, o) Uolll J*-»Vl <kli 

n L tan e Z = (n a - n L ) ( Y t - Y 2 ) (6.30) 

N^ij olj «UAfll *UJj] * Jj-aVl Jii 4JU SjLtJaJI <«JUI ^ Z dua, 

• JjLuutl itku l^k AjJAoJul I JflU*. > 

“kkljj o ~ v ~i t jj uAai l F «La>LM.U gljj L > X > K <ikUI iJaulJ J*K*H *Ij^Lj 

! >jjU I* yl 11 i4 * 

n L tane /*L_ 


f (Y t -Y 2 )dx^ nLtan£ f ZdX 

•'K n a" *'K 


(6.31) 


f L ZdX = F and A = —t—F 
J Y n a -n L 
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„ „ __ F X 

a L 2 A AZ 


: 

(6.32) 


: SjjUuiJI ^ *U^J ^ -J.JX <||^ 


n„ — ni + 


f" x 




‘ a L '' 2AAZ 


(6.33) 


: Sjjuuill jyd jly *U3l v_J»Slu** ^ <JL> 


-L_ F 1 X 

n a “ n L + 




2 A AZ 
x 


. A, F^jS (juLS n^, n a jL^VIcjiiUl^yLu^jj^ JJjjj 
: <1jUL ^U i An a £>otl jtuiiVI J.WL 

(6.34) 


p"_ p-L ^ 


An a = 


A 2AZ 

jL*£l o>ULfcA l*J ^ JSb— f Lil^l ^ <^| 4^ (y^) ^ j^ji 

Jic) n L2’ n Ll U4,jUiiL. wac. ■sCL^ . 

- (Hamza et al., \ \XX) y > « d .tJ <^Uu-. o«L 3 (>#to^U vj^ ( Sjlj»JI 
: n a SjaaoU-k^jll) jL&y \ J«U* (ju<u uOuVI ftOljUll jC 


1 


2A AZ 


•“ n„ - n 


U 


and 


2A AZ 2 


= n a - n 


a " 11 u 


(6.35) 


(6.36) 


J£ C& <JUai J( ^ 04 il ^Ijl o^o>^UI oLl^LJJ Ua F 2 , F] ^ 
. veSjllI Jc A z 2 , AZ! L* (rvn), (T o-A) ^CbUI ^ CjuJllL* 
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Apex of the interferometer 



****■“■«>■* JSIj-*-J ilaSllju^v^4>L«. JL. : (\f\) ^ J<.*. 
J+U* tyUltcAUUtl*1*^ n L4 , n L3 , n L2 , n Ll jL^l o>L.L*_. t*] 
**L 4 ^ ^L 3 ^ > **a ^ ^ 1 . 2 ^ ^Lj v* 5aL» jLu^jl 

(Hamza et al., 1985 a ,>) 

vb «> J tb2a(j v^jiii L^iL^ai ^ auvi 

(Hamza et al., 1985b) 

Homogeneous fibres with skin/core structure : 

a>ajl £-Io£1I jjlL t_J oljij ja < M Lu-ijx. UUi » (\ • /X) ^J »j JSLUI Qua 
<a Lui 4_j-Y I ^ l n« ij . Liu I ^ i A _)oJI £_Lvii.l 3 »tit * . ^ .A J j AS. L. I » 

' (X, Y) (jjl ml l SjJaJuII A ^j-uajjJI 
A= f (Y 1 -Y 2 )dX (6.37) 

•'M 

: <LUI (X, Y) ^jaxull u* 5I uJI ^Jalll 3-.I ■■.- ^Ljuj 

r Q 

B = / (Y 3 - Y 4 ) dX 

•'p 

DD 

• ^ ^LdtSJl (OPL) jLJLI djia <uV) <1 jLII ^ U»~j 

OPL = [ t- (Y] - Y 2 )] n L +[( Yj- Y 2 )-( Y 3 - Y 4 )] n s + (Y 3 - Y 4 ) n c 

(6.38) 

: <1jU 1I (j^ti N J^ljlll <Ljj■*il.'t 3.. ..*t l .j 

NX = 2n L t + 2(n s -n L )(Y 1 -Y 2 ) + 2(Y 3 -Y 4 )(n c -n s ) (6.39) 





: ( z > x ) Je. (NX, / 2n^ tan e, o ) <LLJI J\ J^Vl 

n L taneZ=(n s -n L )(Y 1 -Y 2 ) + (n c -n s )(Y 3 -Y 4 ) 



•i : 0*/ 

“Uljl ^LJU F . iliLa ^ *4 

(Hamza et aI M 1 >85 a ,>) 


F JULUI gix: M > X > S <iUiU Ja^L» <i.UJI a a. .» j J<-n , 

• ^*1^1 CaT U 

n L tane f S ZdX = (n s -n L ) f ^-YOdX 

-/ M 


rQ 

+ (n c -n s ) | (Y 3 - Y 4 ) dX (6.40) 



ZdX = F 


Fn L tan e = (n s - n L ) A + (n c - n s ) B 

uiA> 

2^2 F “ ( n s " n L> A + (n c - n s ) B 
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ijgjulll >ft tUul jjj >„JoAiit>ft PJiA ^Ij^luiL Sj>UU tjl tjli jlu^il J^liU u Irtftjj 

X _|l . II . . , II |L _ /£ A 

2 £Z F =(n s -n L ) A+(n c -n s )B (6.41) 

<ljlftll ~ ‘ijjn .tJ( (jJ c. ft fJjauuul <11^. (jjj 

2^ F ‘ L =( n ^' n L) A+ ( n c -n^) B 

: ^j-a Sj ._l«.* JI An c jL^&VI J^Lc« glLj 

4« t = B' 1 (~ ( F" -F X )-An s (A-B)| (6.42) 

n a ftjii U i .M ll ftjU. jLui^iVI Jabu ^Luuu! 

n s = n c = n a 

(Hamza and Kabeel, 1986) «=»ULL1I ijsml* kiUVf 3JU. 
Multi-layer fibres: 

igti ft ilntll * 11 ♦ * « CuljLutj *j ‘ • Jti yj LkuajX I * U ft ft (\ \i»ll 
O^LaL*-a ol j m UuJx. olLJo ftJx. tJ l£. ftj jft . Al l (_g j~ -*~ J JK5^ 

n m •••» n 3» n 2’ n j j b w C il 

n m = n^ jjli kill14AiUI jLulil n ^ 11 j~h 

: <illaJU olftjlall jUclAI Liltail Julj 

r Q =(X 2 + Y 2 )i Q= 1,2,... m 
EE 

: —^ ifill (OPL) jLuil J[>la <uVI <1 jU1I jjJqajj 

OPL = (t-2Y 1 )n L +2(Y 1 -Y 2 )n 1 

+ 2 (Y 2 - Y 3 ) n 2 + .... 2 (Y m _, - Y m ) n m ., + 2 Y m n m (6.43) 


-UT- 


m 

NX - 2n L Z tan e = 4 £ (n Q - n Q .!) Y q (6.44) 


Q= l 


: J s^f (Z,X) ^>mi (NX / 2n L tan e, o) ^Jl J^Vf <Ui 


Q = m 


n L taneZ= 2 X (n Q -n Q . 1 )Y ( 


Q= l 


• u£» ‘ <^ljV SjuaaJI UjSH Z 

: (Z,X) <£jLu4l ^Jc ^j^JI Jlljiil v aA <uVI <JjUII ^Ljuj 
X m 

4AZ 2 = 2^ ( n Q" n Q- 1 ) ( r Q* X 2 )!4 (6.45) 


. CiLioJall JJju X <Lu2 - *j»“ 

<^mi jl*i, 5^*_4ji ^ikisvi ^ ^ <kjl» ^^ 4 , 

jLull lM£ JLj Uj^ < 1 ^ 1 6j4*_£fl J^JU Uakj, iaJjl 

i^ljl CAi F m La.LJI (Simmens, N*©A) -M) *i* ^ 

Saa^II ^ oliJJI Sxa_^ <JU ^ (Z, X) 

: <1jUL <iiiUI oUJJI oUL* <> Aq m ,I>VL a < X < p 


A# 

4AZ Ffn= ^ ^ n Q" n Q - 1 ) AQ r 
Q= i 


P 


(6.46) 


Zdx 


Fm = / 

•'a 

/*P 

A Q.m= I (rg-X 2 )^dX 
•'a 

lUJj-UI v j -4 X j^-UJ ^ L^jL-ui 41 fju ~Ls‘. Uji P, a 

. interferogram 
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Qji-ujl ojac oULioJI SjjjuLa jjjljU* J 2^-uui! L»: (\ N/^V) fij J£-£ 

Hamza and Kabcel^) s j^juUI oLLL ,> <aJ° J£ j * c . II Jil Jill <jJj» J££ c-Ahj • ^1—< 

( 1986 


GRIN, STEP, l^W <W=^II ciUVl “V^ 

Optical fibres : Step-index and graded index : 

(JLJVl yJfi jj_k _ill ^ <All JaJj—lil uJi ( 3j »1 *1 —N/r/r 

Qu«il STEP •L^mwII 

Multiple-beam interference fringes applied to step-index optical fibres to 
determine fibre characteristics: 

<(_u j. a! | oLa^ail GRIN, STEP-index *l»j■ <->ill i_iLJVl **l 

^j_a Tf LajJqj > aiiJI i_»LJl fjAj * ^ U > ijk 

(wi—uajj n core jl—J^aL*—a c4j n c jad j L .u^ t l J-*La_ 4 clad i jAa 

- n core > n c lad && ‘ r c = a ‘J- 1 * 5 

n core’ n c lad iLol*-* £x£± STEP-index «_&LJV I <ULa* 





multimode JI^UI ji monomode JljUl is^ LI . Lull ^15 

. SjjmJuII Sjxtkl^jt_J jlul ^ Mi ll L^lu jjillj < 

J-Sl jl 2r c ~10 jxm jji oaJ» Jfjlil *jua^ STEP-index <Lj*aJI t_*LJVl <UL ^ 

(jj ^* J(>..-*>U S.ut—r GRIN i. »LJVI 0 A Sjjiuill ^. 2, Tf— 125 Jim l- *»■■ < 

. 2 Tf = 125 Jim, 2 r c « 80 Jim 

J-oL*_» Lu (jjSj oL^-dl c»l | Ctiaaxull ii» >11 i_»LJV I ^lji| {jAi 
Jali <l>li n core l|_J jIim^'iI J^Ll* L_t2 1 §\u < Lli n clad *jL jL^il 

tj\ . i i. yt GRIN £jj fjjk ciLJVl <1 Lai ijjj ‘ STEP-index g\jj ^ tJiLJVI <iLa» ^ 
• power law ^«i jp ti ^jljj j$^» jt jull £-• JL jL^il JaIu 

tr** >*-*-*11 STEP-indextj w * t » .yV -*< w>ja .*^".o 
<LLil < jLVI ^Jfc La A .I-U Juaj e g * A . A ft * £&£>*-“ a u£-i £jaAj_a J3Lm 

«All Qjj-LuV( ^ij ftLaJl (NAZ, O) <JailLI LaUIIj Z Lj^JI <^ljj ^Lu ^llI 

: ILL I+^LlI L5k — |Y 

„ 4AZ , 2 v 2.1/ 4AZ w 2 v 2. i/ 

Z = —— ( llctod” I1 L ) ( r f ' X ) /2 + — (n cor e- n clad)( r c- X ) h 

= fi. (X) + f 2 (X) 

LbA-SU 1 *Ui >.i<A> j^jJI (X\-*\) jvij <JjLjJ,I {j* Z = fj (X) <tijJI J£lu ^ioju^ 

: ■*•■_■— if, Arf La j» I »JLu>jjI u *-* > 

A = 4 AZ ( n clad - n L )/X, 

>_,ft»rf>\j jj^Vl ftJJA4 *. ft < rf» t Jljiai (JJ& f 2 (X) <1JJI <£•: tf All ^lill jJaSII Liu 

: £ua. r c , Br c jk^ai\ ft 

B = 4AZ(n core -n clad )/X 

. (XX— *\) ^Sj <1 jL1I £_a Jiu dl^ 

^ij J^xull tilij h L£ — QGiljJI oLL|_ui| oLlj iLjJa Lj^u jjl Jiui Jjij 






*“• (STEP-index) Jjjuu* jUSsf c i,«._i 

•■ >ill JiUll yjpt 

Deduction of the index profile of a step - index optical fibre from the fringe 
shift: 


^ Laos*SJI Jlhiil J*(T\-%) <1 jUII <> 

tfl ak. o-illll £-Liii o-Ull <]jU-a aA ‘ r c ^ x < r f >^s iikk yi 4 /,I j L...I 

: ^ (Z-, X') <Ui 


ZZ’ | XX’ 

.2 2 + 2 ~ 
A r f r f 


dX s Z^JL 

dZ "X' A 2 
A 


>* JaUI Jx. 


^|^ = -[X. 2 /16(AZ)2(„ clad -n L )2] 
= constant for the fringe system. 




STEP-JI ^ tf all jU&VI J*U. <-oi jjl jlnljUl ^ Sl^, 

. index 

n cud-"!.= >■/4AZ r c SX<r f 

ijU jL^il J*U-* ^Uu nj^ jLullI JnUcnd J1L* jJ .uLi.J jj 

: n clad 

n « _ -1 lAKrr dXX'i/ 
n core “ ^L — A / 4AZ -=- -= 7 - /2 0 < X < r 

dZ Z — — C 

- * L ‘ t * u* ( n clad" n L) Jf-Asi* 0 V*') f—Sj jSLiJI ^ 

c cr* ( n core -n L) I JfijL>jj r c < X < r^ 

n L =n clad ^ 
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JiU step-index ***£ JuUll <JLJI 

JxAsji « *UL-i^V <JU n ca]d ^ n L oili, <_^U,„ 

U^- J^i ^1 wj^JI jSLi <> ijj^uiJI vJ <iLi* jUiiVI J*U* 
Jt -UJI Z oJj?J ^ <> ^Jil Ulai* ^ ij-iill *jLU ^LjII r i^yi 

*+-** CiS-Z <JL^JI . 1 ^ > n clad > n L <JU ^ X foi ^->1 JLifJI 

LLt <_Jt ^1 <> Z^l I Zjl iiUil ^ , n^ > n clad 

^Ja2ll JL^L <LLll r l^-VI ^ ... X fji £ju*J Z 2 

. t-JI <lLlo (jJai-J Sjoiill <ikl# y *|ja, ijUL, ^jjl j^aiLJI 

r = r c , -a < X < a : ^ ^Jll <iU> ^ l(dX/dZ) (X’/Z’)l 1/2 
' jL^iVI JaU* J^ (n core - n clad ) ^ ^ UiU 


• l > 1 Z — o j>a <LuUu Z ^ai <jU r c <x<r f : Sj.tiill <iLl# yij 



jlm^iVI J«LuJ|dj^ : ^ij JLu 

SjaLaII jluiSuf J*U1 jluu jluijl JiIm <1 ^lAll Jjluttla.-! 

(£Sa ijlc. Il^J ad Sji atll jlu^jl JaLu <L*aJ oLj -«a 









vJLJVl \+ lxiki aic J^LfuSJI JL^fcs -Y/T/^\ 

GRIN l^J j Ul l JiLu ^jjii IijmJI 

The theory of multiple-bam Fizeau fringes applied to graded-index optical 
fibres: 

(jJt (\\Vo) "Marine et al" jxL> 

5 > J * Sj-i-S 5jL« jL-ill JaU_a * jUlil JiLu. yi s J .. .m i j . a. 

vJ<*I jj<> aljjj LfJ J*L*_4 Jaij^olj l_*L5 UjLJII Jjjj 

■ o* £{J* £* t fiwalLft ijjj ui 

<b>^a-Jf ciUVl (jJc. Marhic (\WV) "Saunders & Gardner" j-t-j 
<i^\ <^ljV <^S 1 I > An <aS <IU 1 I *i* . jUSiVI J.Ua 

• 4_1^.UJI f l ..tVn M b <aj+ll (^Ic <iaii Q. ._ ,j 

^-iUVl ^ Sjj^i <jlll jjji v_iJA CjVjUII Lojiij 

oi <aJUII *1* (ji oAPb - Barakat et al, N Uo - jL^iVI JaUa <^jj1a ^.-.n 

cr* J Sj < * fcl iala^B v_J dj L*l*j j Ul i q . 4 JC. ^L>4 . of j Sjjjuill 

OJ^f [ aA jv JLmj i; uA .Aa«» 1^.3. U .»» £>u ^j_uqja 

• uO*^l C>}-^-«y I <iU» L 4 JAC 

Jl^lj . cr U-u*JI juLmaJI o r u ^ i l l L yuu ijJLJul II c La U j^Ltlj 

GRIN j L.X tVI J-aU_4 <ajo1a <_uljia^«| Sjja .tJ L_^jx. L*-La - Ji^ (\ Y/*\) ^ij 
r c n (r) <£jluxjj jrjji. OjL jL«£I JaLaa v_J ^ rf U 

n clad 1 ^*jU jL ^'. I JaLla Sj 2 mSj 

n (r) = n (0) [ 1 - 2A (r/a) a ]/4 o < r < a (6.47) 

Sj-i, « .. M l ^ j-Li a , Lm.ULa <iLJll yi r 

: (N \VT) Gloge and Marcatili 






A = (n 2 (o) -n 2 (a)) / (2 n 2 (o)) 

jL-uiiVI j-Aiy i jjau ^jll jiJjlJl aj 

Lfijjill ig. A . A a U ^VaJLuJll Qu JJ -— M JStuJI ^ 

JSLuJI jLu^il *L*jJ eAl£j , ± A/50 ^ L^IjiuJ 

0>LII clj o^«VI t> , -» <-»> . n dad Jj^l J L 4J £| 

^ e ^V 1 lab *=o^b * Ji-Vl jJouJJ A ^jti 

■ JaIjSII cfcU -Ujp**Lt » yju.<» A_^ * 

U^J X J^l (^iu-VI <iUj Z jjail *U:| y Sjjuuill j l5 ^ 

• uIaxm 

C A 


_L_£ 

D B 

Sjo^i <J o3j ^1 JSL* >uaao ^jJI JilJill ^Ui ^ . L;. . (\r/\) fjj JCA 

n(r) t^J j Ljki l j«Lu 
AB 

: > f UAll (PPL) jLJU L 5> i Lf JnJU <uVl <Jjbtllj 

OPL = (t - 2y 2 ) n L + 2 (y 2 - y l ) n clad 

y,(a 2 -xj)l (6.4*) 

n(r)dy 

^iUVl^JLJI^ U^A«1<JU^. (iV-“\) <ljL«Jtl <> n (r) ti j* 3 j 

: £xj& jL«i ^W I J-«Iju> <a>jjl* 













n (r) = n (o) - A n (r / a) a 


A n = (n (o) - n (a)) 


2 „2,1/ 


OPL = (t - 2y 2 ) n L + 2 (y 2 - yi ) n clad + 2n (0) (a -X x )^ 

~ An /*(a 2 -x*) l >4 , w2 . (6.49) 


(Xt + y )«/ 2 dy 


N Jlljill Ujolj II <ii n‘il Lj 


NA, = 2 (OPL) = 2n L t + 4y 2 (n clad - n L ) + 4Any j 

_4An r(-^ (x 2 + y 2 )0/2dy 
a a •'o 


(6.50) 


Now t = z tan e (z = o at t = o) so 


NX - 2n h Z tan e = 4y 2 (- n L ) 4Any x 

4 An ria-x]) 1 / 2 , v 2 , 2._,~, 

-| (Xj + y ) a/2 dy 

a 


(6.51) 


: ^ (O, N V2n L tan e), <Uill JJ J^Lj 


A 2 2 1/ 

Z2n L tane=4y 2 (n clad -n L )+4Any 1 -4— f ( * Xl) 2 (x? + y 2 )«/ 2 dy 

a“ •'o 

(6.52) 

«A/2nL tan £ J^LuJI <iU>4 quJl.M.4 «ULu*LI jJ -* AZ j 

<lkla yj j-o 5y N olj LxfJI LJjl jlaJL* ^aSZ oiK I jU 

: «jli, JSLJI 


-NAN- 


(szj x_ 

\Azj xl 2~ 2 


y 2 ( n clad " n L ) ^" Any l”- f 

a a •'o 


* 2 2 1/ 

An /*(a -Xj)/2 ,2 2 


(xj + y ) a / 2 dy 


= 2 


( n ciad- n L> Vr^-xf+ An V a 2 - xj- ~ f ( 

a a •'o 


2 1 / 
■i)/2 


( X^ + )«/2 dy 


(6.53) 


aJVjj viLl^j « o < Xj ^aS ^ |»jS 8 Z/AZ ^aS <IjUII 

: ^21j i A * a IL Xj (jAjjjtllLij < oc. An 

Isz) 


AZ 


X a 

2 ' clad ” n L ) l core 


(a+ 1) 


(6.54) 


^ore “ 


*f = 2 ^2 


:dU.&, 


fSj . h a yjj (\\W) "Saunders and Gardner" jJ5j 

<lLk (gl n c J a( J = I^L Jiljlll ^loaJLuiU < (ol-l) 

. sULAll 

Barak at cjI£_>j jJLU ot == °° STEP - index <_aLIVI <IL&. ^ L»i 

: JUaUJLI ^tl(\\V\) 

(az) ~2 ~ ^ ” ^L,) "** ^COre ^ ^core" ^clad) (6.55) 

CX j > o IjLil 1 ^Llilujl (jiw ^Iaxij (oV—^ ij x^ ^ w^‘j )* u 

. 4x^jLuu 

^clad» ( 8Z/AZ )^ , (5Z/AZ)^j ,x 2 , x, 


-\vr- 











■ An (_ )*vaj O ^ X < & < X J C&U ( 0 V—"\j ^lj ^ijlxll ^jk L^j 

8Z/AZ jlaUol) (^uau ^ jS^i ^Ij^luiL An , ct uLuaJ c*l£ ^Jq ■**■* **|j 

. minimum variance technique CuU Jil ^ 



• Ujjfi ‘ tui^i 

^j_ 5 ll <ijU=u> jA t_4j_jJlj t (oY—<J jL*JJ ^ L»jjL# lijjju (X, An ^« Cijfc'tj 
u&ji}\ !j-fJ ^x^Lj t CL, An jj-6 J£ ^ult <JLLJI <1 jIa. 1I £_* <ujqJI J-ti jjjJ Lilac. <^uLa 1I 
*jfs«l <al aum I jL u ifcVI J*^ *‘(j < Llac <uiLaII JLUUI ^aAil ££jieuf( J j^j jll »l^*i 

F (x) — 8Z IajIc <,ph (J-* ijllaJll <ia2lllj . |_1 #I^aIIj ^iiLill 

. ot, A n ^ ^ic. ja"i«~iV 

: x = a jic jiu <uVI <JjUII jj j jdjiiy 

F(a) = ^t(n clad -n L )(r?-a 2 )/4 

A# 

: <fcUI 1 1in l r>*i jju JjijjJI <tlj 

F* ( x ) = ^ ^ 5z I 

' ' F (a) u ^ ex P l x = a 

jj-lc Jj 1^ ~>l l fj$ Loj (X ^LoljLLi <4jS (Jil An uL«^j - I >.s oc P LLcLj 
• (JjijjJI £-a (JjLIoj ojii ^LaI ^ill An, <x 

ti UVI FECO ixijit I iujl I ^jLuu uilA < Lt^ laJ — 1 

The theory of fringes of equal chromatic order (FECO) 

U-* ‘Loj-a* JajiLut jle. Lf .tic. JducxaJ ^1 t jjoil JJaIII JcJjlfl cjJJI <j| 

ojJUL £J»J (j jli.ua ^ I n II I u_ic. < (j A a A ia Cgi-uJ ^ic j^jll JjJall Sju^j <AjiiVl 

JjL ^^Jc. <AJj4 J n’t At V ^jJI OjJuaJI <Lu >11 »i III o Ut tjO-mV 1 jj-ft 




JU^I **3jll c.13 JildOJI 6 li. ^tl J^l tf jA _ , 

\V\. f U Tolansky »^JUll l+i-iiSI j$\ <^1 ...m 

.JuUI 

^1*. n^ t fXA l+> jjXZ JjII <li>JI Jc LmIuA <aJLI| ^u^JI JCA 
^ </ x C^V> c& A*J 1 Lr k t ^, cJUUI ;uii tf 3 ll T -.a,„yi 
I3U . lU>JaI1I uuLl* qo jLV-aaJI -Lu<jJf jLu£il J*U* 11 ^ « J^ljlll ^(Ju 
n A . 1 -H -* 3 y,J cfr - 3 yL ‘ JI *±* y <3U x ollxi-ull Ji*J uiill *Us| UjLLI 
UlU «iU3 ^kj . (X , x )>* u - *> l r» tl ^L—ll ojlij . n^ t = f (x) f (x) j^JulL 
(t, x) <> n^ t = f (x) <&LJI JiLsIl v xa J 1 A Jc 

V J 4 JI *IU dty. N x = 2 n x t <&U f l.u .1 ...l (X, x) ^|| 

<aU 1I *->4+11 <JL> ullj^> < 3UJI JUC. l+Jc J^aaJ ^1 I-lk- <JJ^ ^J*. 2 »..^t l 
U 131 « ,»^uVI L-ik. L^i yJ( .»lh 2 1 ; . ^ . 2 , ai» 
ciLU( <^Iil <^l>* <LiU cJli,iCU j-^> <>i-ul <IU ^^liuV| 

jL“£*l n L,A,‘ ^ (^ 3 -* ole oulS jlaL« K , n L A , 1 = ^ oji 

. j^+baaJtl JjLJI 

: <lal*IL (A.,x ) c5J lxUI Jic. <£>111 <£yl( <ijLui« I oil | vaA <£(* ji.- u 

51UJI ^ <4^11 Jiljtfl v<iA d ii I^J. ,r ,Y , \ ^1 ^ N ^3 ^ 

C& A\> ^^>11 JXxll yi JjjJI iu-a. X jj^i MjjUo l^jLl ^| 

J L^VIO.lx.^I^ s > A n L;i ^ < jn ux t=(0) N+1 -D N ) 

' ^ (N + 1) ‘ ^N 

^UjUII >£,. SjxiuiJI (jUI Jxljoll ^LJU & ULUI J>Lm litj 

t i^U <;^1 o-iVJ <->J OPL jLmJU J[>L (V-*\) 




. ^iLLXI JUlil c » k ti A ji Cjj-i—VI <*U j,V (X, x) iLd Ju^i 

^ (2 n L> / N,o) 3—LLil j _ r JJ J—uoVl < LSI J—iij (V-'V) <IjL«II ~jj 


2 


:(oV*1)<1jUI Jc 

(16/N 2 ) [(n sX - n L?x )2 ( r 2 - x 2 ) + (n Ct ^ - n s X )2( r 2 - x 2 ) 

+ 2 ( n s,X" n L,x) (n c> x- n s ^) (r 2 - x 2 ) 14 ( r 2 - x 2 ) /4] ^ 6 * 56 ) 


^jll ^1 J^^IUI <|jLdl ^ *OA 

-r c < -x < o, o< x < rj&kitl s^ t ,„tJI ^ FECO iu,_ill 

-x>^k.^ll » >j « 4 JI *-4 j jLo^iVI o^LaL*_« tr^ n c A, ’ n s X, 

• N W 1 <Ul J£J JtUll ^^>11 J^UI jLk ou:jilL 


X, = (4/N) (n a -n L>x )r f+ (n c>x -n a )r c 
= (2/N) (n a t s + n cX t c -n L ^t f ) 

- (2/N) (n aA -n LA )t f 

^1 J>UI (N N-*') *IjIUI <i>iu jll k^itl jL^1\ ^ du* 

b <LZHI X ^**11 JjJoil . x = o ok N JLSjfl 0 I j v j* 1I jjiuu 

L k t U^l L^uj - (N £-*V) ^1 - (N + 1) | <^1 ^ 

.(oVl) 

^Oll ^. ilx . U *>aJI JdJ-J ^LLC <kL yj (211^ X, t/N, o) <ikillj 

fJj J^Ail yi o <laUL L£ , S^WSJl £, JiUJJ Cki. N l*k3j 

. (N+l)l 4 ^ Ju 2||^(\£ >A ) 

Mi ^<JU^ 

<il«wll y »_ >_* y4*JI l£L*j u-H * (ol-l) <JjUII yj - ■» |H 

: <bl*IL yj^il Jld . r c < x < Tf 

X /(4/N) [ (n x -n L ^) rf] 2 + x 2 /r^= 1 


-Wo- 








jj-ui ci a tun uiuii ^ ji^ 

• N ^ ^tatl ^ Jc 4 (n^ - n L ^) r f /N, r f jJL^Vl 

‘ “X ^*1 la*. Ij ILu^ ij^JL <JL> ^ 

^ ^ n L,V n A/ H ' n L,X> ' N f ^ tf V ^jll ^10^^ 

lt^II <i>^J JILuJIj i jt. ,*n J i ,„<•■ > 

0>UI li* (N i/^) Ji-JJI ^ . x = o ak N ^j|| cla J^laill -Lxa Js , ^Uf 
(N + 1) Jila^II <j3j| ^killl ^kJLtl ^Jc, a <LSJI *4J-au 
. <*IqaUI cLkilL <%ll L^jliu ^1 oVUJi (\ £/^ 

. (N + 2), (N + 1), N vu^JI cla v j*il <JU ^ *Ia n^ > n L ^ t j L ^ Lak -1 

**“ u*J - ir?^ 1 cWJI Ii4 ak SUUUf <JU J\ n X[ = n L ^ Lak - v 
,^111 <Ikk ^Jl JlLJI <l_Li# Uj^^LSj JuafUJUIjJ cakltf *JLJI 

^ >* L£ < (N + 3) UJ\ da La^l ak laa ^ . r c < x < r f Uaa*3 

»i>kll *L=Jl ^ La^4 Jilau v aA ^ J ^> V , , n ^ < n L ^ a& L.ak -_^ 

. (N + 6), (N + 5), (N + 4) ySjII cla cjafll <IL> ^ *1* . J -^sy f 

ur* *4l^j o < x < r c <lLill *_4j Sj^ii ^ <ij£L> s<IU. 

<^ijll <LkItl c L’i-kU l iklLlI ^a^ll Jlcu Sj^sLuiJI ^ -~- S) 

W Ctt x = o Jie U(sl o.U n LX ,= n ai ajC ,(\i/\) j£jj| ^ 
yU - *** (n c,Xl' n s,Xl) 4r c/N CSJ 1 -^ Sj-uill J^ tx^Jlj JSUII uti. 

^U. (\i/\) LS, (N + 3) Ul^,,^ll^ H iK J l;l’:ll3l.-tii 

: ^ n L,X t* n a,X^ jU:: ^ 

n a,X == ( n c,xt c + n a t s )/t f 

laA . J\ JiLJI ULIa IflLiul akx=oak La+U <^lj| ca^V <iU 

. J^ill^(N + 4) Ul^ Ju all Lafll-Ls^pU 








C)U»j jj-fl <aj jll <jjLuuL« JLIjjII (N \o i) "Faust" jjJj 

ylll J baJ I III ( jJc 4^ft» )jg ■*■ > «*> I Ji|j . i^iLlSU iku^HI j l - ..<W I 



SjjiAii jjc. FECO tujiJI 3-jjjII ?jjLu* 1* jA.ljlll yd+l u Initial* futj : (\t /"\) ^d»j J£*i 

<tuuL^L4 AjjA - t i» <JL=k i-i-l-fil jjfc <*U^I -lajaljl jJJU . Jlljjll Aj ■-««■ ■ Ji t ■- 2 jj ^Ju 

-1“ t^» u) Ci IJ l^xm 2 jjxii <UL& (jc. 31 • ■«* 11 Uj L.^.11 jn" Qi •». ■ • Xj tl 

olj <ji dAa. ^ jc-uij—• >* l * ^ = n s u>^j N + 3 iLjJIolj 

(Barakat, 1971 <>) n L = n a \2 ^ N + 4 W 1 

JJJLaXI I (JaJjlil JjL JxjlLj —0/*\ 

t al »a t^ .aM 

Applications of multiple-beam interferometric methods to the determination 
of some physical properties of fibres : 

JJ-v * aLmI i. iUal . ni l gj iA ll — <u« >>LI1j<-iUVl jL^il oOLaU^a 2 j 

oLu>J I iJJJjj ££Xa jjjiLuii <jjjtllj <itjJo — <jjc. I 6 1 -w~ V | ^ flj SjJAjJull 

LuLLa Sjjjuill i_JjSjJLaI jl...*CWI c^LaLla oLuiLSL£ . SjjjlJJI t 

^|Jc. *—fljAjJI ClU jJjlII 6 jut «XC.LmJJ . JjJt_A tL.ll Ijl\ < J ‘Mill ■ olli^JI ■ *" 4 ^.j.ll 

<aLa Slji j .aa" il I yjjxall JDjuJI jy>»ij. <LujjAll <jjL1a ciLJVl - *^ yi 



yl jLm^I o^LaLxl <JLi5j oL«L 3 jkjJu ^« Fibre science tiLJVl 
ollJ> *> <JU» J£J birefringence £^l I dlj$j <m£yUlj ^yy j 

cjLJVI jU£I c^LUa j4*: fjjS Cju^: ja*Hl JlljtfJ 

: t* 

. t+L>S jlji* J\ (dn/dX) *^1 _] 

. opto-thermal - <^| ^UmJI (dn/dT) 5 J 1 > J| ^ - v 

— —iAlf c> ajI— t s* A ll ^ji < Jlj4»Vl i. 1 , » J <JLUj—ujVIj t_ Al l * ~j t — ~ 

. opto-mechanical ?.</.i<.t i 

t^aaLaaJI «> oUjk. ^Jbju JJjlLII JlljUl V<XA 

^ cll^j< ; ^ ». ,,t JI jIaIJ ^ 5j^iJi js[| 

ur* V*^ 1 flail**! J&uj , Heterogeneous fibres ouSjUl JUiUi. jji aUVI 
ciUVlj <^knll jjJlj U klU l ^LLHI 0 | j 4 :: x 3_^,lh ^jLJV) <1U 

. Twisted fibres 

vbSj-dJijL^I JaL*_a JaJj^jxjOIIJ iljjJl w> ...-^ 

STEP Sa^lj t> jL^VI J-Lla cl j ULJVl 

uiUVl *1 a y^>* t> oL^kj JLxl , GRIN jL^iVI JaUa ia.jiu dlj^j, 

‘ multi-layer structure <A \^itl cUukll Sjj^ cJLJVl & 

. 5 wh i*_Jjl 4> ULJI ^ Sjoa^III vj jLu^ll JaUla ^ r <^_. j|| a jloljLJIj 

<la*II ^La^II <1>1L ^iLJVl L±J> oL^UIl *Ia ^Uj 

■ MCVD > tfuVl <^LLAujili l-SLJVI j .. A-^tt 

oUaLS l*iU elllj, 5 jU Lpj^ jjjOII ^j^JI Jllj^l vJJ | ^ .-r^ 

JjA <^ljI <-aa 3 t-iml l uj / CiIj j « . tJ I Jllj AJJI oL^ljV iiiSj 

Jji joaitl Jllull v aa <> Lii all j^JJI 

. Tolansky, 1948 - ^Uill Jiljoll ^LjU <> 


—N *\ A— 








oluljjll &SA (jji Sj4*-iJcJI Jilj Ctliijfttl ■ gjjll <LualL ij^uJI [J l X*... Vj 
JLxuiVl f,lj^JL*J Ji, ^jaVI (jotaJJI jjJa ylLaj jLJx-VI 

J^L fl. li mh L uiLJVl ^kii. t^OL^k < 2 j>jL £jUJI J^uaJll yi fjujSLunj 

. 4_£>uall JA.IJI1I 

J^IjIII uii oiJ$2 H±j^\3 flkill — \/o/*\ 

AUlll 

Experimental arrangement and procedure for forming multiple-beam in¬ 
terference fringes: 


JXaJLlI J^.(aI1I 1_>±M /r k JwajJI (ji » p i t ...X 

ji i uIW Ij jLij&VI c^L*U_* yjojLll yofll *1* ctSjl^. (Tolansky, 1948,60) 


JSLui jjj Aj J» i t J-*C- JjC. jLuJU jji (juLS (JJjJa (jt «dl^j < t-JLJSU 

■ <jjI^ j^VI yflt l*Ai.trh I Jiu qj lA i rt li i^U^ha ^VaImiu |)|U 

uH>^l «MoY)« Faust cu-hjU »^a5j 

optically heterogene-Luj^i U^Ul* J LXWl o>UL^ ^uu ^ujGI 

JLjjII i^s* ij .i*it.l l jLyiiVI ous specimens 


. White light fringes of equal chromatic order <£>111 

<£>-i-a-JJ fllsJI (\AV\)« Barakat andEl-Hennawi ^LlaJljoL£^ .* a 

<>• 4 rt a . <« u <jj> • (< £> « A ll cMhfalll ^J*. Jj It . ,.t 1 

LT^- y-iJ-'-sJI (jklujj'j I IJ L. — LuIjIlJ <tl ni1 ..i l ,lj <3^jll JjJo <ijLk.j - OuiVl 

f ^ ®/*^) <J^ 1 “N u^jj ~ L*4 j—*-*■ A>JL-uJI jjbLi «tij •kj m^ SjLx.Ua 


oJ^a • jLUh -Uc. <_>.!* ^^Jc. J^axJl t 1 ^y^ J j 

J^LiUuoyjI^iiU Vo U+L. &Jal, 


• jHiA“ * ' * ' ± (jjUi p IjIujVIU jjCtil2k>< jluiU V I 





J3 ^Ji.1 all jUJI J^IjS^jji Jk. 

•illj ^Jc c£*iJ * <ijlS <*aLii <a.j43 ijxA cfa ^aitl ?s.L. 

jj^-^)jj3°-N. tjui J5l.ki_^ale.LoAiil^jlj_»J|^oJL^JJL 
• /Vo Cjr Jc.( » < y M kH1|uio(^ul 


^^-wSJI jj-^l 6 U ^ISL^VI Jit Jiloill ^ <IU L.1 

XV. jJL-iiljX\. <> 

cULfc^ JiL- J> <Lii Ji—Vl ^ "Jig" J*U 

< ( >CU <4J J^UII ^1 <4>, ULL>) Sj^l SjU jU£I v ^U» •jUiil 

C^ 11 t^Jdi ‘ u^ 11 

• cA ^ 1 1 05 ^“ ^ J-»taJI 4 > ClSU yi 4 £>klJ 

uUAi Cli jji^l Jjlu <JU Jjjc. J^lalll <5^ u —iH ^ 

(L)jaiu-a UjIm^I JaU* <ljL 6jL j> multilayer coating oLLUl sud* * ILi. 
LHLH... L ^jSlL olLUl , (H) ^ UjL^I J*U« ^i <Jjk 

jr<±. im* 1 t/rtl if\ ~ nVI yi ijLj (jjJ CluiKuVI XtjJti J .A il l ^ V 1. 

4J-t ^ <LA_ui SaLa. i_j.uk ^JLc. J j t i 

••M <£b^l 1 1 Il>o <djl jl b <-£y-^i 1$>^-il I < rU i t i a £ J Jtl 

Li^m Jc. LfASIj-# Ojk*. screws ^uLo. <kL5 utfj ^ -V> 

tA Vo-** SjJJ-ill j-^ SjU v aa Jb-^JI ^ (^U...U J«U 

<«-^Vl *>. • L*o>~ 

’ u"^ ,a ^^ £,L*j-uJI <j3j SjLj ^-a jljjjj <ajfi <aa2 £jc. Ijtki 

• <1jUII * j la)U § (jpjt kll . tlA.*l lj 

5 = ( 2tcA ) jn L t£ 

<£jLUL<*^.Vlj4j^ jj*J Jlj juu^ ^iikill ^jjr. ..-. i.^ 
L £*' X * ^ <-** ■ ■ 1 <Jj_l_^ SjLa. JUjJyO^JI t jj > £ ^ 


-Y..- 










^ <-f*^t £ "Siib O 1 ^ ‘ Sjoia^i 4jai {J ic. J^uoajf J |.... I \| (j 

. ^ tlL To L^l. L-xJ i Ji Lua l ^ x gl 

J^x^l d^ GRIN, STEP I^cjIj Oj-aJI lJUVJ LlJ jj <JU y 
L»4i- J£_>Ja5<>• ou^-*tr-O-*^ll^Jj^ \ to 
U>L tfjU.} Ju^li ^Uu*iU Ij^ L^ijc. UU-* <*>^11 r Uilll ^Lajj . jl^Ji* N.. 

m^V 1 Sib *^U> • de^ r ^ tf di <^ii 

fringe,^!!!^ l*L«u J£ qu <*LJll » ^ <jjlj *-\. j| ^“\. x 

. JSLJf <1 Ll* ^ spacing 



! 



ok. y^uiil J^l-illl J^i V d* ^ It ^W.,11 ^UiUI : (\o/n) fij jc.* 

^ D * ^jSb C . ^ i^jc B . j-LmA (b) Jky(a) jliili 
I « ^^SJ) JlLull o-LJL. H , G . F . JoLmu E, 








<iA j fll < ii ft Jaj U'h 4 ilA yJt Jil i n t I 4 ft l n'i o J >« ill ^^11 (J--LI A.ll I ._ f l t A 

: <JjUII 1 jjUal AZ £/Uj]Lua (jOjJJk Jj£ <iLJllj < Al l a, 1 <JLaJ <tjljA 

A Z = A/2 tan £ 

L)J-* ur J “ e \>*-^ *J J* ‘ *1 1 JSLJI £{U ill ^kLxuJI JUJU LaXicj 

• Jisa»i!l 1x4 jj-fl Lua Lj 4^LtLuul ^ 1~* 4*ia ^Jt IjLum i . t 11f > ‘il 

JaIjlUI k_idA JojIjJJ <JLa j (SA/X) , (W/l) < (N*\/'\) JlSLJuVl £a*iy»j 


. _iUVl 



i jjj) < J » J ll n 4 jjjAu Jjfc jjulijuVI -UC J. ul l I ^yjji All JAIjIII uXt : (\*\/"\) pjj JSXL 

(Barakat et al., 1975 <>) i . ! < <— 



Jalxa 41,15 Jl^l 5xp.j SjjjfcAl o-liuVI Jic AUull JiliUI ui4 : (W/A) pij J£*i 

(%a i ^** A dLa A MpI J Uol _)l , 1 


J-U- JljUl Sxut jUill oit jjucill Jilail yJ _* : (\A/Y) ^ JCa 

(aJU^f* \ + o • = U-J\Yo =S .»l.... j 1^.t J i ,,<\ i 

wJLBU ^SL^JI -Y/o/\ 

Opto-thermal properties of fibres 

jj±* uii uij^i dn/dT <a>ja joAJL <—aLdVl jLddl J^U_a jJu c ? ■«“ 

Jit till^J jjJJJ-o C£A*J (ji £\>*-a>a JjLu Sjj^Lo Sjojuill Jyi <iloil ^oyuall lull 

8Z/AZ pd* <>( n a) X 2 ’ ^ n a) Tj , 7 * , “ ‘ ^" j ‘ Tj, T 2 .... SjljsJI oLa*.jj 

4^4>A*il aJA *.tj I j^ad jlja (jJLuaa (ji >. J-duun p ^jjk 

<a.LJ.I t^LuL <ibddl 5jIjaJI oUjj alt ciUVl jL^I caULm ^ _- J\ <Jt 

Cy» J£ die n^ aU^j - Sj.i xd .ll j-ud Ljit La^l oJjl -M 

xt.r ^L^alL^VluiUV dn/dT ^Lsoi£j Tj Sjlj^JI Ji+j* 
cJU* <-iUV falll *i* o u- ajaj - Barakat and El-Hennawy,- JUjj / *“\. 
Hamza and Mabrouk - <>Lkio (aljU^ YY, *\) LL <xdL ouuJLil 

: r °Y\ Vt Ji H *> Sjl^dl oLa.jj ^ju> JL^uili oil^j - 1988 

dn^/dT = -9 x 10 4 °C 1 
dn^/dT = 7.5 x 10 4 °C 1 


-Y.r- 



aum - i^sj\ jlJjj -r/o/\ 

: J<LIjS!I 

Interferometric investigations of opto-mechanical properties of fibres : 

<** drawn or extended state aLUIU^ijl j$\ ^iLJSU ^ 

degree^Liil 11* UJ . I ft/ . KaU <Jlij ^ 2\A 

^Ms • *J.“ f l * cr^ ^ fc 4 >ut., ll tJLJVl of anisotropy 

fUii Cj&*1 V-lk <fi> optical anisotropy SlLUl ^i^ji ^ ujjj 

• oI^aIJI yj oUu>JI ■ »>" j3 

<*Jeu (NMY) "Kuhn and Griin" ^ ai(j 
<^^11 L|_^| \j^ uniaxially oriented polymer j^Jll JuaUJ .-A j .ut 

. optical anisotropy iiiLUl 

draw^ja^JI^M^^^i "de Vries" ^ai Li 

• >-iLJV) <JL> ^ ratio 

Lf) < jIau/ <-iLll <>* i^ui «Uj aa » (N VU) "Pinnock and Ward" ^j 4 j 
o-Lul ^k ciLJVl *i*J .: 

• CiLu^aJ I «La jLlajj ^jU*. 

jLt-u i .V( JaL«-a ijk a-iill j-oiL (\V\ib) "Barakat and Hindeleh" Jjli^ 

• J^lallL ^-iLlV ^jalll j t.XW ^ 

t-iUV < 4^111 ^IjAJI (^AV) "Hamza and Kabeel" ^a Li 

. 0lj4*-uiJI l.l-km JjJuj Lj4XJJ 

alii ait aa*HI Jllalll jjai v a*J kSl^l (Y ./'l) , (\\/\) j^iJI ^ 

1 , r *- 4 ^^ *-iLJV* 111 ^ 3 , oLtVl 

\lk ^k tf , 4^11 >L^1 1 dlai, z^j\ 4 Lj, ^ LUi^ „^sj| 


-Y. £— 










all cjLy* J*!l JJ1 O" iUJt “ J " al X^ 1 V“ : ("/"') & ^ 

.U3l s oijji (v . Sj^l jyd jlj* ‘Ml u» 0 ; ^'J 1 - 1 '^ UJI •'^ ^ 

(Hamza and Kabeel, 1987 <>) cA <*•*>**■ 
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olj Sjj^UoI j lilt I alt Jd»lll ^j-uitl JiJaUI v aa : (X ./X) jjj J£A 

*^■*1 tf® (v * Sj jKut l _»vi jl^e ftUal yjjjj (1 : Lulj'-J ,.LS~...I I p jmoU i 

(Hamza and Kabeel, 1987 <>) j^ui ^ 



g, f « I. ij i ^ » C C # <£>»J JjLS i.t wAS aa J_ai jL|_aJ ^j : (XN/'X) jfcjlj J<.t. 

Xa*V Cui* X < Sjiauitl Xii ^aiJL-u« >.i j < Ai C , CljIj jUU bb 'dd « jtfykU £, 1. ..JLS 

o-*) • JilxlJt ^Li. 5 a y i IjJ LI au o jLf^JI Jx^J <LSIj_»J ILLS lh< w , * j.» -M l 

(Hamza et al., 1987 
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: Dispersion properties of fibres vJUVI -i/o/\ 


» “dl .Al l lJLJVI J^L*_a j-yu Jjl*_* ^ll 

* U *^ J^ljill i r *OA JfjJalj JiJdSlI jjiaj dllg/dX^j^ilJ 

B,AcaUill^JI«* 2 JL>Ui UKciLJVl^ki^JII^I 

: Cauchy’s dispersion formula ^y^l\ jjfill« » <loUl 

(n a ) x =A + ^ 

X 

jjLa^ <i£LL-. <±^y* Jljtf f. v l 1 ... “ Jlljlll jjxi v o4 JaLu okj 

* ciLJVl ^a *J ._>.«-I.t <j J^Lm C/iumj (^Jfc - “J ^jJI 

3^311 J £1 J^loiJI v o+| iLL^ 

CT?*-^ < j ^ * * * <-J-LiUI laji nA lI v, «m ll» OJLC ^j_i_*jLSl — 


I* » • 4 


Ijftluilt 


5 Z 


cr* *>*^11 yt k l lu. 1 <1U. J£ yi (-^2 ) <Ut2 o-tii jjiiuj 

( n a)x» ( n ^)x. <4 i* C » “" ‘ l 5 4 ^ cs-t*-^ ‘UJiVlj SjWJI jL^aJl *UjVI 

2 

• l/^< j^JI <XuujlL IfJL* JSk jJJU (£± 4 J 


(jjj • rttl jji-Jl« » <Jol*l B, A QCulull n ji <juiu jl«jj 

. Lt 3l ...« ILL JS*3 V^2» n a C& <S>Uil ijjSz Laic. < normal dispersion old I 

" « B o>iljjll '-iLJl ^JLt iJLjia (N ^AA) "Hamza and Mabrouk" jJa, 
<0^11 JljiaVl £{C*0 > ~i 1Ifc4 aljt ^ j • XX ,oo\ UjljJL* <jf 1 ju.uj <Lt j^aaj L.U. «? » a1 . 

(S J»LaaVI ijM OIjI^IaIj LdauLl 1 u » «j jjIKy « JjxijH ^Lua« tj-* ijjLotl 

‘ 11 <—»I ■ »! -* « » yMuioll 

A =1.5149 and B = 15.53 x 10 2 (nm) 2 
Fringes of equal chromatic order : l^lll jll ^jjk -o/o/*\ 

<3*“* ^1 <2jjUL Lf-Jc ^1 aa*Ill Jilolll ud« LULuiL 


•Y» V— 












jj—JI JU-jjL—Ij . prism or grating spectrograph . il.t-ii UjSj 

(pomtoUte)^!^,,^^,^,^,, 

^ ^ **> UI ttl 1 — 5 ya* a£z - JLUI i^iil ^ Ji 

Jj4^ill ya^ll »aa La*j. (Tolansky, 1960) J1LJIiili. ^ 2 ..r. . 

oljljlal ylkU-,1 (piw* JiUily .^i|| ^ MSliiU Otis oUljl i,a*I 

yaa^Ur — -tfal l .. .I )e*>—y»lfilial- j.UI-(T/1) K.t.t l 

Ja. Sj-uUI ^ Uaia JU.Ijl Utua*ll U*y, (FECO) ytjJtl^l ^ 

^ a^ n L Jil-ll jlaill lUU. ^U. n a Sjyuill 5aU jUSil J.U. Ji j* 

£« SUI^itl (jLi 3US tUjj ^. jUL*i_ <JU tf i Xi ,j^5J| 

olalai. p-o fajj, X 2 all J>1 ak JyuAI), JJUJI a LjCil 

attAjT 2 , Tj 6uS jIaaJI cU,^y^l Jl^tVl ,> f al l ... 1 1 tf all J .j^Jl j;LJ| 
^ JA ‘~ U Thermostat ij^il oUjalfJii^L-SVI ,U^.-Li. r l,a-= ...i. 
OfUI ait n a SaU jL-SlI J*U- a ■ <*jll j,! tf jUi 

u^ljjilll.^.aaU^^B^aOaS^.o^.i,^^^, 
"Barakat andjai, a_i)j . normal dispersion LiL* jj r-n [j_, ^ UjJ( . 

‘ u^ 11 yl— (H» jji-ill u*<j aiUi Ja iij^JI »aa (\ vt £ ) ffindeleh" 

^ ~ 1-5391 and B = 266.666 (nm)^ 


£>6^ jLa-aiiVI J*Ua> £jU*H FECO LtJi vdA tj 

. Barakat and El-Hennawi, 1971 t ^vL_ > $VI 
J^bUl oLi^klliLU Laii* (\ W) "Hamza" ^ aij 

<Jl t>*Jk ur^J- (V^) fij - -iLJVl Jc JLh^II JUSjlltfjU.3^ 

. j&l JaioU: ^ J^aJ ll» 5jjiltl JLL^yi 
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Tabic 6.1 Application of multiple-beam interferometry to the study of fibre properties. 
Author Method Object of study and application Results 


Faust (1952, 1954) 


Multiple-beam interfe- Determination of refractive index The skin effect in rayon fibres is dis- 
rometry variation within optically hetero- cussed and values of n"and n 1 for 

gcneous specimens both skin and core are given 


Barakat and 
Hindeleh (1964a) 


Multiple-beam interfe- To determine refractive indices 
rometry and birefringence of mohair wool 

fibres 


Variation of refractive indices and 
birefringence along the fibre axis is 
given. Thermal coefficient of refrac¬ 
tive index of the mohair fibre is de¬ 
termined and found to be 7.5 x 10"^ 


Barakat and 
Hindeleh (1964b) 

Barakat (1971) 


Multiple-beam interfe- To determine refractive indices. The birefringence of viscose rayon 

rometry birefringence and tensile proper- fibres is increased by increasing the 

ties of viscose rayon fibres tenacity of these fibres 


Multiple-beam interfe- Derivation of mathematical est- 
romctry pression for the shape of multi¬ 

ple-beam Fizeau fringes and asso¬ 
ciated white light fringes of equal 
chromatic order crossing a fibre 
of circular cross section having a 
core surrounded by a skin 


The refractive indices and birefrin¬ 
gence can be calculated for both skin 
and core of such fibres. The optical 
power of a cylindrical fibre was cal¬ 
culated for a parallel beam of mono¬ 
chromatic light incident on the fibre 


Barakat and 
El-Hennawi (1971) 
Barakat et al (1975) 


Multiple-beam Fizeau 
fringes and the white 
fringes of equal chro¬ 
matic order 


Measurement of refractive indices 
and birefringence of acrylic and 
camel - hair fibres 


For aciylic fibres, n" * 1.518, 
n = 1.519 and An = - 0.001 at 35°C 
For camel-hair fibres, n » 1.559, 
n = 1.546 and An = 0.013 at 21.5°C 


Hindeleh (1978), 
Hamza and Sokkar 
(1981) 

Krishna Iyer et al 
(1969) 


Multiple-beam 
Fizeau fringes 


White light fringes of 
equal chromatic order 


Study of the optical anisotropy in 
cotton fibres 


The va|ues of tjte mean refractive in¬ 
dices n a and n a and birefringence of 
cotton fibres differ for different va¬ 
rieties 


Hamza et al 
(1980 a,b) 


Immersion and 
multiple-beam Fizeau 
methods 


Investigation of the difference in 
mean orientation of skin and 
core, for polyethylene and poly¬ 
propylene fibres. 


The refractive indices of each layer 
of the fibre and their variations with 
wavelength of light were determined 


El-Niklawy and Fizeau method 
Fouda (1980 a,b), 

Fouda and El- 
Niklawy (1981), 

Fouda et al (1981), 

Hamza et al (1982) 


Derivation of mathematical ex¬ 
pressions for the shape of multi¬ 
ple-beam Fizeau fringes and their 
application to determine refrac¬ 
tive indices of multiple-skin fi¬ 
bres 


The optical properties of multiple- 
skin fibres of elliptical, rectangular, 
kidney and dog-bone cross sections 
are given 


Barakat and El- 
Hennawi (1971), 

Hamza and Abd 
e-Kader (1983). 

Sokkar and Shahim 
(1985), Hamza et al 
(1984, 1985 a,b,c) 

the path difference integrated across 
the fibre. Values of refractive indices 
and birefringence for the skin and 
core of a fibre having irregular trans¬ 
verse sections are given 


Fizeau method 


Double -beam and mul¬ 
tiple-beam microinter¬ 
ferometry. 


Description of a method suitable The results are in good agreement 
for evaluating small birefringence with those obtained from the double 
in fibres and its application to . beam microinterferomctric method 
acrylic and cuprammonium fibres 


Determination of the optical ani¬ 
sotropy of fibres with irregular 
transverse sections. 


Accurate results are obtained when 
considering the area undo- the inter¬ 
ference fringe shift represented by 
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cjLJVI ^c-Luuu «Lii 1 jA tU «LujIjJ 

Interferometric Determination of Fibre Surface Topography 


Jj ^JLau <—i j* ill 4(3X1 jJkuil jAail ^iaII Jj i, Cu4^I - I 

. o»a»4ll llAoij^y JAaIXIj^IiUI Jiljlll JjJ. J£ oiJ^j . 

<iX.<_*Jj 4 (\V\. « \^Y< NMA)<ix^A»^«Tolansky 

iJ^I 4 -lll uJ 4 JL^XI H* fjM CuJa > m (j . ^L>II^Lii|ttllX$|C)l>JJILLil j - .LI 

. 4 *CJ 4Lilli Jua £4>ll S.M-h. 44*lXI 

S IflLlil £ja>ll Sjjifc-A jjjlUII I Jill yjji ^ Li /V 

: ^tJo^uVl ^Liljiaia «Luiljil 

Multiple-beam localised interference systems in transmission applied to 
surface topography: 

J^ljltf ydA 'jie. J j II t o ll j irfi ill ^kUalil f\jMt ^_>u 4 LuaII J.^U l 
f“L^Vl U-JJ 1 —“ <— M« Tolansky » .jjJ. tf jll 44^1X1 ^^-ilf 

<JL^L eiLJVl jLu^ll J.U. quaII f.iVu J tf j|| ^LUifl iJJ I 

■ (jJJ—Ji.l4lll (jiiLl* aJj£l <i»jX» 14& LlJ 4 (illI 41 a 44 *lXI Jiljilj 

C& u* *J J * > »H j-a *3 »_iLJ&U u — i <JU. ^ii 

^Uil^iJa Cu.lj4 <1U. Uit* < jaVI 1 **4ffci ( >~ t_ 

t> (^‘V-ill Jilolil jj4i *_>4 Jk jU - ill. uilJVK - <ilLX> S 4 L ^L,.. 

Ji.l4lll o-Li. £Af £1>M yi 44 a. jjli. ^ *jj| *-* 44 ]! <C 3 «A* aySkZ (5 

^ 4 j ‘ <4jj»* l |V t4(.i | j *j4j£< _> i »K. . ~i l I 4 J (Liill Jj.2*.L. , ^.^ |l 

^ ll. VCj Sjx*oHI . (jj* N • j*tjil) (jAJL41. Lid 41 a 2 ^ 111 ££j!jaJI^ ijutL 










iJaJjllI ^uLii jjlll Jig” JjIa 3jL,Ui i Jma ^^aII 

Jakljliljjiiu^A , »lj|)l fj* <au^M j ia^j ^jtl — (\/V) ^Jj JL& — ^ < All 

Ljlj- i A^j ijLak < 4>i*t»»« i i^Ll <!ij A ^lc <_>.t|ll *1 a j | U-yj . Jkliull jk 

I 4jl■ >*JI >t ■>,« jft UlJU L*J£ CjUjJJI {£* Jjull jAlljljj . ijOJLdJull jy aJ, 
j4 QaJjj >_i.t|JI ( ji oIajIU (J^»* fjic. ijULiiiJI iilljiJLI ^jill <Llj]l Jj. li^liuJl 

• ijiiultf gkui jJft ‘*‘1 ,».l»lttjVI 

CjU iiull (j-* dl^j < ^LklLaJll ^xlajaJI ^klill jk ijjJLwII jkl 1 * - ^jUU 

• (T/V) ^Sj Jj.tJL jji j*ijc ^LL> Ji jit LI Lull <_jj^JI 



JAUII u<u SjjjuIi jtLui (JmjjLj ijuul Jiljj jiiLL 


jtiill jk 



luikM kiLi Cj ||k jfliS • £»ijJU J Jail I Jkljlll JCw : (t/V) ^Sj JfL 

JS i|U dull jailnj . >j|Mlitll j| ai <Ljl< jaKuVI Jit luu jliill Jit ‘ J» 4jL 

A LJjVI JLi . SjrULiiJI ^Luii(kj)f ILL t ijliAll (jt IjLUU lijki liK u o LjOuJi 

^ui B LljVI jl 'jk tg (JakljSlI jkIjL SjLj 4 Li I u* l^if j| tj^bLlI |iku jle It LiSj I 

• 4 i i » i«ll pLui j^Jt ^Uatil 








u-i^vi xc sj^ y-u _ y/y 

I «Li IjijJa iuj |j j] 

Multiple-beam localised interference systems at reflection applied to sur- 
face topography: 

^ jilaal ^ Tolansky , jj, 

^TtT '****'*»* 

C ' -Au-UidU, oalal f l ....Vt 

• Jil^l ^U. ^jS U Ui yljll J^ili ^, ISJ ^J, 

Ci-MT j UI jd-JI <>>0 ^^-ill JiljiJI yUL, ^ tf, i>£jjL ^ 

C * >W J ' O- 1 ^ Jt<LSLaJ|J ; ..-•,[<_,. 

^ uuii .^i ^ ^ ^ ^ _ UjS . ^ ^ W( ^ 

■ ( T A) fij JS-UI us, .Ijj 

uA,tWIJa^lU„WIIJiloUl<k^U f „- ^ 
5^I^VlJ£^^ angutoaperture ^ ) . tU;( 

ib&l y-wll jli Xj *. (*ll ^ .^t 4*. jj. # , iU ^ Jj ^ U( 

J * 4U ‘ Jilji " «* Ji, - Jl cUI ootp o^U- ti-ta ^ 

“* <r* ^1 JUiill yaa a tf i. V2 ^ UU-, ^ ^ # 

^ ^ jyl e^ 1 *=WI.MI ^ ei_ ^ut UUH 

tttay,silAtl v^l iy^.,a£=j uyl™ Jc ja w tf i. ^^1 











J£ Cgj <iU*lf <*j* J£ ^ ojuII , Lfc^j oL-ilHiVlj oUUljVI ait 

CfrHi ■ Jilaill o-LJL» J±* <ylj fringe spacing cgljltil* c£i±* 

h ^USjiU < 14*11 dx < 4 j 4 .ll <uiLJI cJjtfl jloi. ^uluL LS ^LuJI ^iljiuL 

: < 1 jUII 0* 6jJA^JI jdajjj ^UaJVI ji 

h = Am(* 7 2 ) ( 7 . 1 ) 

Am= C 1 */^) 

(V^) (x* « C^iJllL* CM* ^ Ax j 

. A m h <AiS (jLuu jC. ■ ,*ha u 

CiULiljVI olj (_>-L»-i (jl^ CLi <_JL*. <> ^.K,t.lVI oiLS Ijlj 

<- 4 ^* uAi < W- t ^ tf—Li j^u Lfj-ijc. ■. i.ni ^jLui cr llI L44JI . Ija. S j.i-r tH 



f* ^* A- liUI ijiljjjL JilOiJI u - ljl - : (V/V)fij JLi 

if*J lrf1 ^ c L ‘ 11 ui j* ^ ji <fi*y KuK <U±Lj I4 j-fcLiM ,u! jj-i.■ -^-«-j 1*1 i| w«*. i 

* ' U 4 JI A* oU*-*^* • »>*-ol 11 luja. 4 jiU <uaill £y ?IiL. ^L; jS B <t*jj 

SapjJUuiVl JLjlji.l^a. J44U S . ^liuVI Jit JJUuJU JiljUl S,Li| t-.z-j 

• bf*^bijltxi *LJil ^ O, i.ltj C 4 M 


—Y\o— 










V. ^U; h. i. = finestFJUjuul^i oo.. 

oULCjl <> .j^aLy jL^JI Jli - Born and Wolf,HA. - 4^ 

Jilaal ^Li. yu UL-ll jatB ait .^*11.Usl iktOU, oLaUAJ Ij 

aitj aliJI alt u4>t*II JiljJI yaa (jjjiil ^.Lliill L/ lt_ lit , ^'.J ill 

ei—II J* valley hill ^ 3^1 ^ j #| aui ^ 

JilaJI oa. quality > oULall ^ aihq,. ^ jy. *. j& rtttJf 

Jilx^il v oa ^ ofjJLJjLJI ^ (\M^ "Holden" ^ aJfc 
<1? jU'o . cllukJI «> ^ 5ak* <1^1 *Ju J^ alia*,. y-liuVI ak ^^,-SJI 

^-j— 5 J 1 Ujj Ulu<JU iLAill^^ r i 

** ^ V-HJ» <> ^ jX'i u-l£*H ak Jilaill ya4 ^ 

MiLUl o-»l—*1*1 ^ o^uuj / ok. JLu^kll Sjuiil ^kVl d^JI . UaiVl alii 

^1 ^. UUI t L^II <*Jp j*\ j^i ^uju Ji.uJ. s.^1 
: ^M F <**2 <idJ| ^ optical phase JuS^II <^1 ^ 

F = 2y-(p 1 +p 2 ) 

ak cA>—SJI J^looil<_U4 < 1 U ^ JLj^-il, Sa-kUl ^ ^ ^1 ^ 

^P 2 ’Pl ‘ *I*UI <> <*-iVl aUiakj^l^^^i^y^.^ty, 
iaU, air-layer ( «UJI - , 1*11) J^UJI jdL^I ak <^| ^1 ^ 

• tr* US < substrate-layer «LLf| - <kUH | ;j„ 1 y( 

multiple-beam<*,111^1 <*,LkU aa*HI^^kll Jilaill v aa .. ^ 

- ol^l Sf-ilj-M- fringes of equal chromatic order 
. foikjl <*^1 ^Uiill C> A ^Ul J~iU ^ ^ - Tolansky, 

^^-kll Jilalll ^saj aakilf ^^akJI J^lalll v aa f faoSJLJ Uui ^ <ijli4, 

(v ‘ l/l/V) c0^*ih qua ^Ll-VI ^tujL-iH <JLSall J..»l i~ll ^ t .“ t } ^»|»*|| 


-VNV 




JilaUI UUA S jU <> ^ Jiljoll 

(-?/*A) J^i/I C^Jtf L*lw < yj^jlll 'jL Jlcj Jjillil jj*ill 

J^IjjUI v x* Ji <ijUtl *.L» <> . ^Lill ^^SJI JiUolf i_tjji r l j^i ... I : 

^ULuiVljJ^ JtUiiill Jo—Lilli jc. Ioa SjL. jjjOII J^.-H 

• v* 1 - 4 <JU ^ L*Lj jJLi: 




ait JO*HI ^>^11 Jilalll v aa ( v ) , jUUI ait aaxUI Jiljlll v aa (1) : (fc/V) ^ij JCa 
• (v) ' (I) U* fOaJLuJI ^LuJI u-iil (jjlilll Jiljill *jO* « ijil&uVf 







JLJj*!] |J .i -X/y 

uiLJVl^l 

The application of interference microscopy to the study of surface 
topography. 

cJUVl jJ^f ^ JkUsJI ^ 

- Skretchly 1954, Howell and Mazur 1953, Simmens 1954- -u 

Skretchly jJ. oUJjjlf *oa j-^. 1 . Barakat et al. 1986 - ?*j_M 

(dl^_4 JUIjJ (\^Y) Tolansky JLuXjZ Uj^^l 
U^J ^ ^ Keratin fibres #1^1 ^Ui ^ ^ Juir^O. ^ Jja / 

•*■***tr» v^l • Canda. balsam ij j^vi 

^jUll Jlddl J^Us <i^J| ^ j^yi ^ , ojjsHui „ 

• >J4* ijull 


J>k fj i A ^lii-fc 1 inlj (.I . t |-.1<^ I*. ,t i ^ t ^ ~ 

. U-ISOVL ?^l ^^iJI JiljJI vXi ijj, ,^1 

j^sj - ^aiiiai i ^ u ^iii jiuu vJ ^| 4i , 

J^cl a^Vju^Ul.j^l JIUJI 4X> ^. g^. ^U-jll jk-JI 

• jiivud«5: ijajuiJI 


<^fjj 043 Jii olik J* a>—11 <i}> (N^or) " Howell and Mazur". ^-...i-, 

• jj ^1 <^>1*11 contact areas #LislVI 

JiksM Jc ^ <U. <JL> (N^ol) "Simmens " O-y L* 
to—(°A) f*> J^ill Cjcuj« filaments jSllilj,,vJLJVl u -. :j l .a- 

• oh-» olik O^^JJ f j^L^JU ^,^1 r LUU| 


-Y\A- 











- J J - .M l ^ ce Jilaal 03 ^ Simmens tt»> 

^ Jlljill v oa ,> Jk>*^ <LL~ Sjjiulll _*Jhj - reference plate 

, £^>11 t> LujII* £l£*jYI CSjL**^ Ct b t V i* Jlai 



A, (Simmens 1954)_iUVi ^Lu.1 3uij*J- o-^ ^ jii^li <sj**4 1 r 1 ^ 1: ( 6 / v ) 

2 " j J > »I1 Sjj_ba jjfkj ttAa-l ^ ~^^ -* B I ■LajF JL4“ t/"0" ‘ ** * 

F i. E < Lukjcj L i X ic. UL *«oJ****^ 

, Sjuuilf I« 


V JJk Jxjis JJ-*^1I 11 a ji If-ao-i fi Jjill 3L»j-u«-JI fJiill 

- ^j-uill Jllolll (juLJL. <x*>5 localised fringes ^i>ll 5 jj^» Jl^ 

— jjiuXI jl ^S USI I ^'-^11 Jlljill ^IjHm«U jl t VI jlc. ji jtlll j^c. cul£ 9 f>*- a 

j ..<~ 5ji c»l j ^jlJLuuij jm L ua flu ,jlc J~> “* q *!■* 


^jt fJUll SjjLa^a 0 J 4 II aj^il Lul^ depth of focus J**il o&i s Jf-*-~“ 

, <iUlll«^LuU jljitl 


Zeiss-Linnik interferencedLil - ^Ij Jllaih yj^-^KJi&y f.. \ li *^lj 

^... htl J ,>t>l l .~.lf 1 jSj . f I • . ? VI ^Lui ia i Quul microscope (ZLIM) 

JjduAal) <lj * tfii <U oq-^aJI jluu^j ll* y£>» £)*■ * L < r > ** 

. UU JU^I olj yiljji J^lil uJA 

^jjllJI^Aill fll^ ZLIM (N^N)«Barakat » r jlLJj 

v ju (yv) fJj JSLUICMd 3 ‘ silicon carbideu ^jlj .JI *jl>^ 
~u J < : b - 1 1 *jqlh J^.V t# ij l >iaJI ^jL>illlq-*ill fJL*l kll Jllj^ll 








^ 1-M i .t l (jj jtl fkUiiH y jJj - Mitchell et al. N 
Sd^-uJI (2)U I I ^JL*_4 j.^Jaa | t| « “'J J‘*‘ ^.“' >, ‘‘* 4 ** ** ^ ^ jA-1-llll 

' ^<jr*L>*N d*JI (jlaulHa (j^l* die. 



e^“ LT^ df^ 3 cr*^ CiJL»iyI >*^1 -1“^ (jlll ^LuJI JiljlJI ljSM : (l/V) ^Sj J<-*- 

• *4*1*1 — (jMjljl J^ljlll (juluLt ^IoUL^L (Jj^jIiaJI jojjSSjjJL 


~ a^lj cr*J—“=^* lU-Ij-JLII t _ 0 ^_u < j u <Li—a (^A*\) "Barakat et al" >^“-- ij 
jl , j « <r» *»Vl* 4—aj ik It I jl I lJLJVI l r> « < 1 • '•■* 4 IjjJ (ZLIM) dl i*l 

LiLx. SJ59. o^A} tPJ 6dJk t-ia^j. fusion-spliced optical fibres 

J, 1 ** ‘J 1 —*yVl d-j-ajj ^1^11 (_J_>la ^I d . V lt il l JjojIjIII ^Usu >■« ^ » I -»■ 11 1 

Oi^-* (j* LaLa ^LaLc (Jj-ajJlj fleJJI <-»la-C. <-sGllll <_uj^aJI SJuluII ^ t a at I 4 > «< 

(j&aj <j 1 a*]I t,SA ij I >£ >j-a i <* j <<->il l i_sLJVL ^j-uoil Jx«ljlll ^Ual 6c ta^ ^Jc, U la -^l lj 
. oljl^JI SddAla J-lJjjJI O^L-oj diill Uljala IjjuG J4JA ^1 

0 • l^_*l jiafl GRIN jLuilVI (J^al*_a <^.jdLe t_flLJVl ^ya A jn ,* OjjGaal dSj 
SiecorM67jl^_^VL^L^I jL*yjLx*SXo 11~ j .m j_L 3 j JxajjZLla 

dryjf*-^dl die. <ia.jUJI <*£>•; . . aLJ I <SJall J^ai . fusion splicer 
t^*S * !>=-V fibre cutter cJUSU ^LU ^.41, „lj, ^(1,1+ill u^ 1 -* f5 * Ia*_aLJ 
O-a OjS2 <JljV CjCulflll d?oLfl (jJJlaa jLfxcall ^^6,'lj . QOjl+tfl Cjul^ ^illa 









oyjLkl CjuaII ZLIM U^ju 

^" l • t>* l * a , ' -»I (Ig iH^tit l ^tlxwll J^IjlHI f^Ljj# 11 -I i il .1 VI 

jl^tl SjjiAuiJI pLu* o-^aI. ^.Vl ^UJJIj reference plane mirmr^_ rj X ^ 


llj SjOA^JI < _» ,.. Kt' .V jjjll J-a^tl i \Jtl <U4.1ixif jliklj 

J1Ij 2 <yu 6dJ^ ^43 ^-^>11 JL4> jLa.1 jju-all J^-* Ja_J - 

a^oj u .t JI ^.J4J low-order white light fringes Lkkkk <£j olj »LJlu \j 
JoiUJI *jkJI ^k L^j^t <q»-ki jl^LI o^aJI t ^ji, Jig J-»Ia. ^ <^>adtl 

JLa.jjI* Sj^aA j^aJll *>aJI Jkljlll yJA <k*>l (V/V) ^Ij JO.t l Qj_u, 

J^ljlll ^l d ^ JLu. L <3ojjiJI *1* ^ GRIN j l..<w i J^Lla 

• 0 (J^>ll JjJall jk ZLIM ^Pj—all 

C, B ak Two-closed fringe systems <iUII ^j^JI ^ jl~ r j . J< h- J 
4 jkLadil JLL* <> glLil Sj jM ,. t JI 5 jL> buckling yuj^H LakU A ^ LJI <Lil 
Jkljltl V AA j-a*) An Zjl+jIm** (N/V) p2j <JjLlII ^ h yuakUl 11* ^liljl ^ 
yj^JI j&j* jk ciLky ( C, A c»o Sj j.^->t l jl B, A c& i j^^-^ll JtyJiM 
jxk Lku yk>i]| ^k y , \ t V V L>jk C, B jk t-ij.iA.lH ^Uljl . 

. T • • <iLuu-» qC. C, B j lkijl l 

|p Jj -kla *J'i * O* P J-?J Ja^ljlll «yU ikyk. (A/V) ^Jj JSLiJI Qujj 

0 s - x } ^ jkkulj B Jk >.u,1a“JI <Laik Ijjj_p A fLJII <Jaiii 

L^kl<lu^kyj-fll>fklkLA, sjt« .tJI jj-*unperturbed^UJII<kii 

■ wl l J^ad ljjl^> 








1*1 jL-iil J.U. 5 r LJj| ^ y^ili Jil^ll va4 ; (v/V) fij JiA 

(Barakat et al. 1986 <>) 



A B 


^loSc^ij^^i^^^ijiijaii^ •' (A/V)^Sj jsla 
^LJJI alt SjjtuiJI SjU u.ujaj ji £l*al 2 UVa B iksui ^ *iiUI vJ4 J| ^ 

(Barakat et al. 1986 ,>) 


qu <ijUu 11 a ^4 (\\A*\) "Barakat et al." 

Al4i Jalill SlilSlI 0_iVl SxJi jJLUIj r Uill <> ^ I.».!». ^>» 

6Jui diiil Ajj^j yjU^I ^liSjl jlj U£ <q| LudjaJJ aIa <> glij . oUi^UI 

• 4>^> yi a£* 6^ ^ ul ^ HVl ^ , ouiVl 

,>JI <y£l\j - 5jiA jj| ^ <^2LU| J^J vdA 

^ (d) jLSCjuuiJ - flaJll jUi. ^ x^uJI ^ijL.wi 

: <JaL*II ^lallujL i j._>«. ill I «. > I 1~« I 

d = (D m / m ) (~~) (7.2) 

2 - . cr- m 

• m,D m & f—J t> J^LJI ri r t ,J I .LUI ^ j[jguuill J J n jj;jj-^^l 

L 4 *^ N + C^jLuS <AJ <a.jj iij^kll *1* <j*LMail SjoiuiJI ^i^oLcb 
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O-olill Jj-oill 

£-a*alu]| jjSb 

The Effect of IiTadiation on the Optical Properties of Fibres 

• £6—» <>-110 • jyw u-Uil! > fcu^l jJU J^ill (i4 
> ct^iiu aij^ uu U^i iu ja <j ( VA) 

^lill (M-ill Uu . JL5U {j^iU y^Uu-VI) ^(^ji 

UL(6U 6>otl jLutoilj jLintl coULv J* UU U-Ai ^Jls (T/A) 

• it y^illj*^. ■■■■itlj 

CHaLuaXftl <^1*. oUj^alJLj LoL* <_*_x£l_» £_ix ,t,lJi jjfa 

Pjj-iil wiUVl 

The effect of y and neutron irradiation on the optical absorption of optical 
fibre waveguids: 


jlJVl u-U»U 6 U nuclear radiation ^ t UiV JUi ^ 

, u . . . . induced absorption t ...ti Lr _ i .. t m i j . ■ „ 
. ciUVI .ia 4Jisi^iVl JiU^il ji aii^ SaL^induced loss ft--!.... 


fJULai*i*VI lia jLl^VI ii^y 

ci^aill.ajaaoLaljjcuja.1 jJt, . radiation environments ici* j -.. mi 


'" ' jJL “ l M « ' U jl Jjiy ,Lil aiUVl .4,1... 

vb Saaa?. c.US>%j aiill <Lla JUi c taty - Maurer et al., 1973 - 


Polymer-clad ^ ^ JLJVl j. t Lurf I JL. oU.l ja c^l- i j; . .... 
5aLUI KJa-JI ,> iajUJf JUVI UiSj silica (PCS) (Friebele et al. 1978b) 
>-ill tUja 0i*b Friebele et al. (1978 a) Plastic fibres ,yj| juVI. 

• jlj N * jIj \ <> olfijau J^G galUJ L h U ...W lj 


—m- 






cr* “ ^ o* c*ULat ^III LaUj- Jy*L II J^ulJill ^Jii 

‘ Ao • tr?^ 1 U^ 1 Jit near infra-red 3^*11,I^^JI <a^YI *=>-■- 

injection <>iaJI Light emitting diode (LED) *yJ>l\ r >..^ 

• ^ d>^ ^ *xiii( <Li* cJLJVl (jaSt <aa < laser 

l- l^> tl 10 >j *-iLJV1<>■ oLl«I jSi (\ V^) "Frieble" ^li ail 

OjUloicL^I I^W^IgiUilloj^lii^. OJJ^ s ,r JjUi 

SaL^ j-lAUI ^il PCS tiUi Jk £. 4 ^ tf all J * d±£±* •, AY ^^1 

1 ** * ~ cr* 4 ^-* t>* (jl| *j£*-*. « oltjau i *rJ I air. )* t Vi mil ai&lI J.^. ■« itj^JI 

Sj^-aS Jl^i f l .lVn J air oLt^ ljuLu) ^ oijill ioaill 

: L£ . ciLJl jl L^uaJI tiL5U 

a>S! OH <*>*»_ ,> JjLui jji (jjiaj ^1 PCS ciUli Ji -\ 

1> ujl£j-“ • ,AY Jl« JljJLi f jjjtASlI gjLII Oiu^l ?jLLS jlSi 

. OH jai ( _ r lc. (£jiaJi i_iLJi 

■ fdtpkwJk k* lliLJI UiLJi filial ^Lai.1 -y 

u -4 (£411 (ji ciLJSU (j<a L<ai ft VI *- *»t»t <jJLJtJI oLuLill ■-■ji U| oi <ii —Y 

*1^1^jua i*Air uiaiA~ V- Jl * ,i 

. JjJ-Vl <^l JljjaVl 

(jiil i_il— jJSU * 1 * *il l £yk gt2l—111 i_iiL»VI j_[^-1 ~ ^Jt iJ jjuJ I o_i(j 

^j^ll J^l^ill fJiil <^L«] Sjjo-ui < Cxx£±* N ,Y = A J^a. UoJUjaLfca 

lydll jall^dl tilli^^a^ll J}UI fj4 Ifl <ju!u| t|V >■»»*« jj d j> t-L~...1 ^*11 
»JLJVl *jL* jLu&I JaIa* jOA* J Jj-LU UJll *04 J>a ^Jj-uill jjjull ^ji 
<> e 21 ^ 1 ^V 1 w«*LIJ 3 UI f Jl 

• ‘-iiLVI (IgAp OaG i t i \*iml l jaLauVI jjt Jjluil .« .f.tl l 


•'>! c* L-Ul y JnUn. y<*J& i^c^L cJLJSU ^fotsl -1 

SjU} Vj] iillj gll*. ^Ujll JiU. <i/dl l+nb-* Jjiil d^KlVl 

tljAaJI CtaJ <A-iV(j SjjJiilljiia—dlJI jji <XiiVl u “.aln’w> ^ u ^ l .^W l ^ 

cibuyi « Sigel & EvansjiLLjljJ^p- » f U (\ W£) ^. JUjjOII 

LuUil 0*1*4 . Wu i. H aiill jl^jf LaiAj^iLJVl .*it l ; £ -i^f >.^-,,,m 

4> ~ ciLJV jIj 1_ \. ^j^Sjyuill^jj 

c> '-•LfftU jIj JKJ jJL* jJj^ JU J ltt ...j j o < bulk suprasil S^ ojSuLlJI »•■■< ( 
SjoaJi <L2ifl K t Lu ll SjU Ji (1* . i^jicuaJl A... ale. Coming ^U,j 

o ♦ \. (Jj Coming 

• ^(juJuV L 

<^La 1I JaLx^jVl 'Jk CiLj^. 1 \ i l l J-c. 1 a Ti . olij^liVlJ t| »_iLJVl ^ *ti~ l —^ 

^ul ol^JJJJuilll (jriaJjJtlll j~* >. > Li l ‘l11 — Shah 1975 ^kil - *1^1 ^ L-Lu.1 

s^ cJjji: Lil c k»Lu3lI>.VI j> ^LUI jiill ^ ijLj Hi 

‘ yUfc2L.iVI c 5 ji^ rotary ^Ijjj S^ij. jL^VI J*L_* ^ U15SJI Jk jjjz 

• jrjjyll jluKiVlj 

Jl>ill ixiMl* tJLIi ^jL^j« Maurer et al >u 1M »^li (\ W) 
t ^* , * A *‘"* * oulh^ 1 u3 j b ^ ^ KiLJI «i * j* . — - 

H-ill jLgiLillojLii Oij. J£J osA*^ NY ^* X N, * ^1 

UJ^-* * " ** ,» * ub £-* Lkk Jjtilt olijjJj-iilL £JLA , frill Qjk ...t l 

* * 6* uULK>y J£l ^ N • x N , o j,-* Ji] 

. ^X*. * ^Ij 

* ^.lA_ 1 . 4<iI *5 j » 1 «h Permanent <t _> a jU oLu.L»_S (J lc Jj. l{j 

r 3 T.-N* l+fjJa Oj-uaj LLJ1 (^^V^)^Ua>iJLMJ« Friebele et al Jjxtji 

(/* ij4J (J«LauVI (JUiij jlj \ • <lo >■« «* i IjJ ^ J <■-•. I |-.-ft 
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r L-^ -S-^b'Uioil J^a ui^j- % , v J\ ., £ <> 

o^»L • ,S(> c*3aJ alj YV* • «*u-ilijili Y Sol oaJj jL* l^i. 2 ^ i Jt « ,» 

Jji>i U- *^l .. .I^1 ciLJVl o-»l^. ^iio^sat o \jj n n’X'H 

culS <4>-a4 t-iLJ1 <£L* gilii L+Z , <J j L..<: l j^u, 

<i«>- | i1 ypll <JL-iVL<ti ^ ^fjjLaJigiLii cJj aJ^j. Lf_J jt «..<;>( J» i « ■» 

V* *=V- •** c^jJLu-iVl ^jiLl* y c^jjt 

N,Y < N,YT < ♦ ,\o j-L t CombinationOH J.- X^ .^n ^r t ,*n 

■UJU^“ 

jLuiSjVI o 5UU-» <L^jj ^ L.U. <j_.iL ._.. All I jJ?g -Y/A 
Lajuill ciLJVlj L^uaJI «_iUSU £jJ>U jLuilVIj 

The effect of y irradiation on the refractive indices and birefringence of op¬ 
tical and synthetic textile Fibres : 

lU.Ij.s1I <JL>L (> W < S\A* a) « Bertolotti et al, ^S>1 >»jj * jxU 

x«4 Lj^uaJI LiUfiU j LiXW I o>LftL»^ jji JjjuLxaII o Il^uuJI <-uiljjJ .^t l 

<>•* lt^ *- aj o ■ 11 ** * olj-Ju i^Ls<Sl Ij^- *‘.‘.-ij L»Lk. <L*_iiV (| .ij .: 

L»L>. <*ui] <>• LaxuI ^* » oUja. ^(jJLLm<L JIa. <j_>uaJI cJUVl jLu|j jL^SVI 

<*jL*J( SjIj^II <^jj jit (j-LLLS olj-uOll *Ia oilj Sjtijj. (>LlL. jlsJj jIj) 

• <****+) ^sll ZLjUl c> Ai JL Uij . ^Li 6JC JiU 

C U cf* j lUIj_S1I i£j IS\ ,11 f.UaSil (\/A) p «J J<.MI t . 

crO LUf^sll yi» 6±>£u “ *■ ,♦ jJI Mach-Zehender interferometerjjujj 

cU-lj^h L>“Uil A yi aJ _f I M l ^jll gSlSlf 

Ja^Sj. jUUI ^ Jl^l ^ (\/A) JUJI J^ll Jiljjai 

ail. 0 P ^-LuaJI flail J*. J^lall vJf | iU 
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ciLJVl jLu&ai C^Lel*^ Jk. ^Sll (&.* .“J JLiojJJI *1* r I 

LiMi ' . K AA4 auvi *04 aUii Jk cIjjjLUI dlXj. (STEP) ^ -h 

•\. cJl^i 4ft.(jalj^LS UjljJL. - * f 

*j-^b ^ jU.il uiL^ll ^ l J} ■»-. cilj-Li: J^-u^. Co 60 

vJcOL«Lfc^< ^ujSlI^k/N.A. oljjuuill 

, cu3j3ll j^Jt /T , Y *\» Y, A jljbuj oljjuuhulf SjdLaj^} 


4 Light source 



Reference 

fibre 


jU^ll j-u- <> *LHII djoiUI r ail^^13 Jiljs r Uu : (\/A) fi, jca 

(Bertolottietal 1980b^)y t ^uu^i?^i^Ljvi 


J».loIII 3-L>L u/ mj li-^j (^A. a) "Bertolotti et al" ^ai LS 

X^all oljaiill L^*il JlAi. Subtraction interferometric method Cj lh ; j> u m 
(Y/A) jJj c-A«j * -iLJVI jLju'^j jLu^il cdLeLju* J*. I^Ll ^1 

^L. ^LJL. ^Ijj tjk otjAjui i>Ii . <jL>UI *14 y ^xSjLmJLI cf>u( dl 

(a) t-s^l (ji C&jjlji* 1*4 Ij^e ojli ul ^ Mac-Zehender interferometer ja;^, 

. (b) £*^11 (joi*Ul* 
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A 


B 



tA JiljUi iL>LJ r USfl ^L.LVi ^ : (Y/A) fS, J£A 

M . jaijj £U yilill Jiluitl tpLi.oUjSL* BB', AA', a**— j* — L. JLJVI 

L^u**- a£* j! A*- o-'A 1 tA t*A>* • tAlAnA C.A P«uo^-uA** 

(b) A ^ (A ctul**-* 


Jilxlll <ULjL Jj i Ll oi* JfeljJill v_»oa JLaJ^J 

tJUVl J* ^jUL 

Expressions for the fringes shift in subtraction interferometry of fibres : 

cK*-* • Sj. i *.i mI I (juk i t>« LjulfA Cju j-^UL Jllolll <1L* ^jaL-u 

jL^il coL*Lmj <> J£ ^ifc fcuuas ll CjjA* <ajuL* iSjkSij 

oJ&i 61 cP 6, ‘ cP J^ljlil (^kLju A • *jj* AM 

lA>* Up Mi^baJI UK Aj (Y/A) pJj J£*ill LK « (jjiXaLrIa ji tgujljl* LaaI jja** 

: SljUdl <A»i BB' yuUlj AA’ ^JLI cju (OPL) jUJU J^L 

/ A’ -B' 

ndx - I ndx 

ri B 

f n, ‘? 6®- *jUc oli bj* in ilxj^i j l .« . « K i»VI oOL*L*_* fji jxiul\ jji jUltl^j 

• <*4^ A **bP A up P ha se object u-iVl j>L <> j^b 


£>0*1 jLuiliVfj j l «..<•> VI c^Ul*-* Jm. L*Lf» la^lt Jri Sl3 -yY/A 

Iuj5kj2ll guwitl JUV 

Effect of y irradiation on the refractive indices and birefringence of textile 
synthetic fibres: 

L*L». yjui (\ Ml) "Hamza et al" 3 J 0 

• * In-lf cr* oujVb • >ill eiL*5U ^ 

jliill jic. yx* (\MA) "Hamza and Mabrouk" 

Dralon ‘—•1--^^ £>0^1 jl oiL>t,■.< u“K* I ■»*«»j 

* (jtj' N • x N, 0 ) ~ fc 1 o Iqa t i>f > imiII , LL h* - "I * « .* t l 
lx* <aa2 ^1 <il « X eljyj X*J jlij jLIa.) <j* oLujJI Q* \) 

4 ~60 1• oL*£ jXwa* {ja L-*L»> O-jJuV c uo ^fj, (jAiljll i~«. aH 
tr, VN i^huiVI <t^l JXU4 oVT JJ M ULL* <i.jV Lr .wn 

jjxil XA*Iil Jiljin yx* (y , 1/T/A) piJ jSLill C£ Jjjj. <jil5 / jIj ., YV + 

UjIjJL# < LxUxa j <x.jaj OulAII u^lljoll uiLJi J* A j;»~ l^v.«» 0 ..(<C«jVI jit 
(l) 0 1*\, N = A) <y>tl JjJa 4 ^jL^I tdl^j < jljLay* YY, 00 1 

SjOA^JI j>ad ftUGVI ji (y) Sjy^ill jja~* ^ <^yjJI tfj luJJ 

■ ^IjIaII *j W » n il ieai^ill jl ■ -.<W I ■ .1...«. < 


F X. 

n * ° L+ 2A h 









o>fljj uiUi JJ* o-liuVI alt jj^il jj*HI JiljSjl v o* : (r/A) ^i, jc.». 

Ljut jljU^ YT, o o^ 

(Hamza and Mabrouk <>) s^i ^ (b) hj^j (a) JLjl*. 

IT* h ‘ Sj ja . f . t l fJaiL <a.L«u* ^ A - ^-ijL-JI al l ^ jJ I >< 
^ Sjj... ^^t l OkUl ^ F < jaxII JiLui <lkla y (^uJllLa <£Lu J£ ,>j ?Al.,.tl 

• Sj jft ' u ll jjju Laic. Lafll <^lj| 

(1/1/A) 6j>*-all ji l+lc (^/1/A) Ajj— all yi _>j£l LkLuil *1* J\ cli^La 
L«Lil ^Ij . ^Luiyi ic^JI ^Ju alt n^ ^ jf \na Ji alia Jo., 

• < j «A l| * J* < ni Oaji (_ iUfVI ^jjJ | lA^I 

n a= 1.5178, n^= 1.5202 and An a = -2.4 x 10' 3 

^ &*=* aliill alt J^lalllj^i v ajk ( v A/t/ A) JLiJI 

‘ ^ V MV LjlaJL <jtL_ii| LL*. «L_*iL <L» » 4 tft ^^Jljall cJLll ^ 

^LUI^i L U a A ,,. a ( jl^lll on,N = A, ) <*>11 J>L ^aUUju-i ^laii^L ail;* 
^ J lll^<_^ c?4> ^j| 6 UjVI 


^ Ujic <u^l JLJjl F JUUJtl jl *k^L (1/A), (r/A) 

. 3> r Ifci t Vf 3cjaJf SjLj> Jjjj 

Cju <&Uil empirical formulae ^ ^ "Hamza and Mabrouk" 

&>0M jl^VI J-Lic <&U11 (r) JLtbuiyi jL-liVI J*U_. 

: jIjUoa IV 

n a = n o ex P (ar^ 3 ) 

: 

n G = 1.5122 and a= 1.344 x 10 ^rad ^ for n!! and 

a 

n G = 1.5164 and a = 9.08 x 10 ^rad ^for n^ 

: <1jUII £jj£ll jLuX.WI JaLlL 

An a = An 0 exp (-ar ^2) 

An 0 = -4.2 x 10" 3 and a = 1.285 x 10' 4 rad~ 1/2 

o^b ciVjUII cjxA» «b^ll ^ UU. o-4.u u« ,t.tl ^iljJI ,_iLJj <11*. ^ 

: JLuVl fu2ll ^IjaomL 

n o = 1.5120 and a = 2.03 x 10’ 5 rad~ 1/3 fornjj, and 
n o = 1.5162 and a= 1.62 x 10' 5 rad’ 1/3 fornf 
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I 





* * *-* ' V d* *>f*-*i jUlII .uc jjj-il Ji.lail vJj » : ( i /A) pij JC.*-. 

JjUl Sxj^ Li*. jIjU^. i\, UVlc.j^.yiui'u 

Hamza and Mabrouk, <>) s^Jl ^ ^ (b) v^’(a) LjU* ^ 

(1988 

oiLU* «**Si a Lilli ale J^ail ,^-SJI J^ljill ^ (N \A\) "Barakat et al" jJL, 
o^iLCashmilone^iLJV^jJI jUj&Ij( n j!, n^ J i...<w< 
^Vl <^ill(jl^lL on, N =A.)^|J^ tfJ u.t^ r ljii MI | Jia. LU 

: £-uuiull Jji 

n f = 1.5118, n^ = 1.5145 and An f = -0.0026 

ob ‘ r VU^iVI ic^JI S jL* Ji, ^^1 J UHyi 6 | l ^r.t... !, 
o? Jc dlj . jljLa^* \Ao UjI^jLa JLaLuII ai* jLiiL r , n^j n" 
o»l>_aJI <£l— aJL-» ciLJVl vjLSj <-t>_aJI diiu L_ JI _j»_ t UI t-iLJVl Jjlui 

t> ^Ll^UI a*^ <jx.U_iiVI <f>JI SaLjjj < isotropic j-H 

■ n f o* n j! aj£*j ‘ Jujil <itLLa 
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^ JuullS j 4 JadloLy£uo%* 

(Tolansky >tr ij-*» J^.ljl tr L ^> r > a. "* oijll uuii yjj ^ it« *ti j] .. ~«t l) 

^ J^lxlll ^} liA^iiuj. 1973) 

Jj .^i-fcl L 11 a . L^i# J£ Jac Ja*j j^ljjL^^i Jiljsll ^Ll^j 

^( >t 41 . m iL <_jit Jj .rfi -Ji fJLL* ^i] <iLu»VL iSjJLk oL^Ll-. 

^Ill Optical interferometers ,^-iJI Jllxill ^^Li. <> jxc a^jjj . pisti l 

(^jJLidoll ^jk >TjL yC i h j l £uL I fci* (j<» JXc. jjj-ljj ^^3 -xAJI t^^jiu^ji^JtL (jl (j£_aj 

. ^jU^JI 

I (Jkljlll (_^j£iujjj5Lyo oLjuuLujI —\/\ 

Fundamentals of interference microscopy 

* * "* ( j ■* b _**~*~ k ~* ^ L m i ^ i jjJj idi\ \ m i li h o If < iin ilL ^L^Vl ^ ■ ■■ »*•“ 

1/3 • phase objects j jL IjjJu iijaJ ^Lu^'l * amplitude objects <^11 

^ m i -^ IL ktal l ku^jtl fj&i nVt » I jj C ej n- il t ^Lut&Yl 1 ■ -■ I i «hA.i ^Vl < 1 LJI 

^L*|j(j L . nt VI (jjA< 1 ^ iil l J > j a 1 I kuijJlj ^ M ? )l (ju jjjjL^I j 1 dig fj t « j • a! l 

Jl>k 6-* <jlh f t mi > Vlj. <_uj_^JI So-iil ^ j_» 1^11 t . ^ tj ...I ... jj j ~ ~H 

c*k*2Vj ‘ JkljSlf olyLy^ <lla. ^ JLuaU. JLaaI Lfl phase objects<^ll 

bff k , Tk 11 Jo-u^JI J>C Li^LLkl Laj| t_ K>1 a ll <•j ■ All | Jj it ^LumxVI bJJk 

t • ^wuiaJI jIhXiI J«liu ^jJk n du^ < (nt) j^aII ikuJI j| j Lull VI c^LljuublUV 

J^ljofl ^Ll* Ijk <^jll j>la t>a Jf-ij (^jjl |>m i ^ 11 . JljJaVl Saa^ mi ^ 

• (^m iaII I j-* JbU (jjj—oJI jLJ.1 JjJU ^yA jjJui 
. Fran9on 1961 -^LSII Jlljill . 











M LLLil ak MON, MBN ui JI SM ^LuUI p ■ -«-j j 

o^-di ■ (phase object) 0 ^uoJI J^U MON ^buill ^jmsil ^U. 
^liLj O MBN £l_*_AJI ^ Vj . <> IjLl* p^Jf 111 ^ 

Jlla^ll o-UuL. ju-®lk t>* jlVI j .rf/f ll iLu-uljj N iUUI ale. ^>11 * y* jU-Luill 
Jllalll < Aj~i iaa^Jy. ^^*111 J^la3llv r ^^I^* T< j^^j^bo-»iVI 
jLu^iVI J-»L*_* Jc. xaIa^j NS ^LftJLtl *a-A MBN, MON .M l ^. jlII 


O ^uolld^ 


<jLm Jji ^ A dip. < ___ W^, Wj CrjI^ll C£i 8 jjJoJI 

lt* SaJJI £jjy JLsVI U^ilj . Jllalll ^-LSu* plaH-L laa 

’ S J>loJI j j M <J Xjj UJUI yafll 

I = I 0 cos 2 8/2 

t 2 Jt 

= I 0 cos —A 

X 

• ^ = Ol£iJ L>**— 8 <3 Li IjlbA 4jjLuH A !jj$Z Ualai 

cr*-^ tJ^Liil lac.L a ^Lllll ^ jjJall 0ui* 1*4) £j5u ££la^jtl 

gaJu Jlla-Sll i-j±Jk ilLa. jij. phase object p ...^1 1 JLLaJja yin I4J 

<Vill Ua*H O^J . Cos 2 law p LSlI ^ua. ^(j Squill ^y 

ug ln . o A Ljujaa (^u <iLuII l.La i ^ LmSj uIaII uj^JI ^ LjjLo*a 
<L u>call iaAll join p‘ “^H Lfl da*. JA \»IjaVI J3L18 <U^II j^L jJu* 

pM-aJI optical thickness t ^-UI d~JI jJu tf a^ui <> ol^Lu ^4,<JLallill 
N Jllaill <£j jjjii Sjj^ua A ui oiK laj* phasor j^LJI jjA* 
ja*A*A ,^>*111 Jllallf Lale. <i>L* Jllai tpia X ji \ J 

• o*a'l Jo** 


-rrv 



jj alt l ^ uw lt udA ol jm l m l £_)Ju fjuj LuJI J*o all j2 o] lid 

iJUVl (jit I^jLxLjj 


i 



W 0 


I 


CiU^I ol+Xk Jiljlll (jtfLuij : ^/\) ^-Sj JC-*. 

: Cfr*&***+ ^ jJa.ljjll oLjSLu^jjij-. £Ijil ^.i.i'ilj 
*jil« J4t fL-^l £»• J^LaH jjjil J 4 ^ul l »J ■ pL-LI, ..* I — ) 

. jj jIa! I Jx* »j < A It 

^liii -^V l £-* (JaIau J^ill < ^Laa.Vl jiLJI *jkall ^ ll >4liii'i J^lll 4 cjaJII —u 
biological t—iLJVl JL« L^bL» jLili ^»■■■* ^~l I < *1 * -*.tl 

. materials 

(u) <ic^ 4 ftll ( J l f> « t Liu < ^1 - r Vl jlLui t jM4 U <jfc CjU>U_4 ( 1 ) 4^>*aJU 

<Li* 4^1 jjc. n^t cuS jjcj sample structure oIImJI j 3 ^ oI^jIjl* 
. jUuliVI (^ujuIC lij~> a,J 11 L) <?b‘«II i«L... u ..,i ij^j 

high * jju& JjJaJ! i|y .rti high magnification <JL j_> j^S Jlljltl 

. (Tolansky 1973) j-uJI J\ jl( j<ull JUU. ^ Lii resolution 

f J Vlu t t l (£j irf> l it flkill CfrlLLa^ LLuqj^LIijij JjLuVI 

. o < I £g!c.jdtaJJ 
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<x*£ V L \ 

Interference microscopes using reflected light: 

irO-tAll ^ U w .«. t » L*U»i (\^£) « Tolansky, » j^L 

'J—0? (V') - Tolansky, 1973 : ^|^j| 

4g>I*all I 5 j>*a oj^hj F ill c-ijll JiU. <> jaJ A ^ 

tA t>U3^f ^liii S . off 

L^t^l _ 

<la4>k ^Jc Jj-uojJI ‘ crb^ 1 cU.1^111 yJ+i ^Jl ^L... j< U jj , ^ 

( *j-SJI <^3_. ^ A, du^) V 2 jUiu jjJuZ oUUljL V J4JI *i* 

. iilLill <^OfI( iaSJk <> JiHi Lxlt 



(Tolansky 1973 <>) *m?* dt r aii^ jll jibai : (y/\) ^ jii 


SdSUll <*uiVl 




Interference microscopes using transmitted light 


eiUlVljt-iLJVl Ju*ju±U iiiillULLJJI .1 ... T Vi a- 

tUJj—311 ‘« a£y> t> JJ—t J-^jj • SliUll o_iiVl JL.- f j; 

*;u (NW)« Tolansky» f -, xilill j 


VJ s 3f^Vl 

(‘•^Ii-uj S-I 
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. modified microscope jyL * ^ .i--- i 
. interference objectives Jllj;^Li. Ju. JuyiUI >«n 

. differential interferometers J^l\ J^IjiJI -4 


o* ^ *jj Vl ^(jjVl ». t 1 1 <li « 11 jj | ■> V| 



■ gr 43 ‘ rfd l Jiljill £tU&< m * 


Jildfll cjtjjZuuijjZy* Jiljl ^ lo^lj (NA^V) " Sirks " lLbjj 
lt O *6-»v_^j!SLui^j!SLjJL I Isa (jjSajj . SliUJI * • *V l " ...t ^]| 

>Lil - —*AJI Jj —2 ^jJI Jamin interferometer <j^LJ 

B, A jl*JI ll*J U^j (r/^) flj J^iAl ^ - Tolansky, 1973 : 

. M. A . Ai« » Jt a^a<aLl> cy lc L+l* J£ ^gj^j ^U^JI (^>1ijLt 


*>*AJ * (V^) ^ ^ - All «,, 

dlj 4 > £%J . f—4JI 11 a j> V> ilL >lVl ^LuJdl JA 1 Ulu O f-uiajl JiU. UA 4 a.l 

JII 44 ^SA ^ILj ^UU-iJI Jlljij B JiU. jj^ILj . jLUl ^ jji 



(^'VTJ£«i 
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oLuiLuii j5£] ol^>l*_* ^ic. J j.— i| j 

: frW-4 1 J\ cj^S «-MfM fji 

Tolansky (1948, 1973), Fran9on (1961), Heyn (1954, 1957), Barer 
(1955), Stoves (1957), Pluta (1971, 1972, 1982), Fatou (1978), Steel 
(1986) and Hamza (1986). 

irU- 4 ^ Ly kjul ULu-u jjJLill p-^H ^ j&Xy 

fibre eiUVl l^ljj JU^ ^Ul Juj^yi a Jj.. 

. interferometry 

• ^(ji| fj^ju —Y/^ 

Some types interference microscope 

u*“*W jA./a2il cyluyjSL^ -S/V/S 

The Dyson interference Microscope : 

***** <-iJc JaLu - Dyson 1950, 1953 - 

O* C£>^ ^ ^^‘" ‘ Cft^Jo-ui c*lj <i-iljltl fit 

<L» # ja. J ru ^ u J pjjJJ I 4bU aiL J.^H 

UAj^i, ^aJj ^ 4>^ll cs^LuJL jjLLui ^ JJjuj * (2) L^ilL ;U*u juli. 
^.UiUI (i/\)^j Jlaill j^xjj , j^.Vlj<bLi. 

. Dyson, 1950 - 










(Dyson 1950 <>«) JaJjsH (fy ^J I ^ LLiM: 

^*^ai 1a~»]\ Uu-lj4 (6) f-oJI Jc ILSLJI JLS^f luiVl 
objb 4 * UUkt-^Ujll -3 ,jaJ>n Lr ^ iuiiJI ttxUSLLi^ 3:L-.. _2 

^jrt-vtJI C»-k" — 6 (3) pjjL (jjaj jL»< —5 j^ai< ■ • --• ^1- —4 

IV^* 5, -9 i~UJI HxLu ^Li.* ^JLm. -8 fjAuALt ■ i.y. ^1_7 

: jSLul ^^11 JiUll ^jSLhajSL* -Y/Y/* 

Baker interference microscope 

C/i* fwMi J^I-£ J-Aj (^0 ♦) ftLt t-o^u^LJll 11 a jjjJaS jJ 

■ <_ t? ,„‘, n cJLJVl 4-olaiJLu.l (SAoV) " Heyn " l j i..<wi 

£U__dJlj, ordinary ray atull : c^Lui Jj ^^1 | J -^-. ^ 

c* 4 uj^ 4 * beam splitter <*u£Vl <uja. ^laaniuiL 414$. extra ordinary « t .*t i 

jajj. i*L» Cfrjj 'i A** fjk qui ft i. i i u » t jtc.L*4JI • La^aj-* (jL.&l Aiaj i jjL 

eiLJVl jU£il J_«U_* Jj-Ui <>* iilLLJU cl^Vl tji tjlc.1, jll» 

• llA^laaJLMiL^fMU 

« jSlijiil » Jiyltt lU.Ij3II < s u1muj1m -Y/Y/A 

The " Interphako " interference microscope 

{J* (/*j <<l ^ (/* '^1 1 JJl>ill guliil l i im!*i« jl | ^11 Iji ji*m 

^ pjSl (JjioSax.ijiajj, iip<.. {X> <jU 





( ) Sjilltl 3 LL>Lj <* UVt. . .I <IU Jlm . jl*xJI Ij+jCiUydl 3^11 

: o* 

• ^ lA "** f “*t^ AJaLII ifcM iVl ‘ —| 

• UsU^mI Jaxu^j ^Iki -yj 

• J^ljllf jjijj £L ^UiU —_a. 

Beyer and-^U^I ^ i^iVl jL^ (o/\) ^ JUJI ^ 

Cu*ja1I SacL^j . S Lr \>*-»JI j .i »^ IL Sp <a^ill «Liu «ikUh — Schoppe, 1965 
^ Sp JUliU ijj^a Cxgz (2) wxJlj (1) ;-. ? M 
'* (3,4,5) *jj i «i I I > I ^ I > (jJI ^LIuJI , Sp* >*» <?■**.. .m i 

£jL>_aJI * *■ * * ^ Cx&i O", O' j-ix. O fa, -*It intermediate 
(4) j>dol( Jlljill o-Uu <y» Sp»< S*. exit pupil, 1J ^ U J> < ..it 

^ (12) ^, l L " >.., j j . £uatuJI Lfili* ^ Sp„ (exit pupil) ijj^ ^ 

tr* Bertrand lens «> ^ (13) Ul U . .^>-311 JuL* 

JiMj * (6 & 7) u4 JL >A1* <> 11a Jlhill ^LLm o^Ijj 

J] <-iUiVU rotary wedge (10) jljj c^ls « Phase shifter (8)<«uiYl 
. compensating elements JuuiVl JjU3 i^JLjL & ^s, (\ \), (\) 

* cx *tS £Jolll <>• S J ^LamJI (£>a»* ^ku. JUc. (jL^SaU ^ULufclf £jk»j 
. *LaJ^!j^LijjVI Oxli L»Lu 1 a | . At .i j^LLL (7) j^.ViU ^ B,A jdksillj 

S 1 S pl s 2’ S 1 S p2 & ir* UjJ P hase shifter (8) jjU\ jJL. 

. ^kl Ja£ dl^j e • • ^L-uj3j ojxlll L»^* Jjl. ^ X >-j-^) ± 15A. jIjSIU 

—i—'V • u>—^i3 • 

(*) See Description and Instruction Manual, Carl Zeiss Jena, Brochure No 
30-G305-2. 










f* • .olllj ^ £LaO>N <>4 Cfr** * i » ] <> rotary wedge (10) jljaM 

o- 1 ^ CmLjI j^l 

half-shade *lik« 0-5 f lail«,l o>ju X / 20Q J\ ^ jl^ui Lu^Vl 

X r *■ 

• /500ulJ<iall*lAj^ 4 plate 

o-Lil I jLfA. "Hamza, 1986 and Hamza et al 1986" r ^“. ■ i J 

y£>ll J^JI ciLJV ^jj^U <k^l jLuiiVI oiUU* 

*> ^ rb • VI a^UI «> core <_4j A u>Ljttl <> sheath <> <^£lU 

* «j.lll 

| To camera 



i 

^ Jq^j 


Description and^jSU^yi jjjjai jU . : (./sJ^jsj, 

jo^4 S (Instmctions Manual Carl Ziess Jena, Brochure No 30-G305-2) 
vo-JI u*j£ f Uii (5), (4), (3) (2) Uj* (1). o > 3aJa Sp 

JjU U^L <> ^ ob~s* (11), (9) UAVl j>U (8). *1^. (7), (6) jlljli 

•^U* L-jt (13) jjJz* (12) ,^i«yi (10) UiVl 






(^>Lt -i/Y^ 

The Pluta polarising inerference microscope 



\V/T< \V/\ < \ Wo) « Pluta 


o-^u wavefront shear Jl <> X. J <w t 

yj ol li^-kl ll frjL pJuij' >lil vJiLJVl <UJjjJ I |jji«.I t1 ... I 

-KttJ* Ja.(jlil f lUY M .LciL&U jLu^VIj jLuiSuVI cOUL«-« ^Lu 


: I jjk 


. uniform field VL^ ~\ 


fcljjjl Cr* fri n g e interference field ^>^1 Jilaill v oa Jc. iS ^ i VL^a 
V* 1 ^ (j hA l at ll (jjLill ^lo^IwtU (jiuill Jjklfl £y* J£1 . < ajj.^II 

J>» ^ 43 «<^-“£11 JJaJtffj differential interference contrast (DIC) 

. ,>uill SjiUJ iitill olludi ^j^JI jLJLI 


. tJLJVl luiljj Jkt yi oLlj-yt. J ^juiull ^xy^al I I Jill 

Nomarski (1955) DIC JiUlll Lilli ^Ulll - j.i.•... 

. Jh (jlll SjIaII U*-* . JUJU lil 5 Jp&. oljjAJ 

jLu^lVL c ^3_jA 1I JlljJill > r (j^-^j L )SLiI jUJI (T/\) ^Sj JUL1I qcjjj 

« Pluta l^L »6jjla & all variable double-refracting interference (VDRI) Jt ;iU 
Dp, illuminator collector ^II £*** Kol ^j-kll j.u^ll Z JL*I (N *\VY, Wv\) 
urij>^U u ^- tij-ajJI ^Uilll Ijfl S^aaII oU-u«ll ^»i , diaphragm ZaSi 

J«auLtj oSjll (juii u-i oiL#ju W j & W 2 birefringent prisms ^jj^U 

a* Ua-* jIj j .V.l l jjli^j, half wave plate (H) ^ ^1 1 - | ’ 

,> h-cjLmJUj - Nomarski, 1955 ^tiil - Wollaston prisms oljj-iJU 
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<4jI 5 <iLu aicj ob JLuuaJI eilL W j jj-iitl Ji pusjl <> 
C*u4iL-JI J;ii3 wiaJIaIa ,*>*-• J? Jl> ullH l^i. 

ol ^ <iL-« ait <^i1 ^ W 2 j>-UI £—®jgj * dry jl 3—oil 

uh* j> < w« n (t) ^4 >a-xj ( 1 ) yij^« ot*-**v JJ c*je 

JjUaiif «-Lfll *OA piy ‘ <i «-t-oLJI oil JLLUI odfl ^jlL , V iniill 

(£>LuJ,I ^ D < I jLi 1 ii .>«.4 <-»*>i , <./>_> o.ll <Lu»atil F' LLlLlI ijj_JI 

k ~fc~> all tii Jij polanser P «_doti,< *,» * 70jj • C *j --^n i»««-1 1 if ...>« it ^1 .y i 
^ ix^J — 4 , «-A*-xill D caJLill jjjij« W2 jj » uU ( uUl analyser A JJL^j 

* ^**^*1^ JU^ P. tUn.-.^j 

£-AA P, A, H & S oL^U ^IxIiVI (V/A) ^ JULlI ,^_u, 
l ^j^ ‘,‘» VI oi-lA U(jO &2> ift V? » < ^ * 1 E2, E| Cjuuj W2, W| 

a^l F F W 2 , Wj , v n j V tU ^1 ■ <->t . ~ jjLlillj (^vjLiLaJI (juL^j <LLLtl (jojUl 
j-* SS, H ^y-A v LrfiiH j^ll light vibrations *j_cAll oLLal L^ijJI oUUjjVI 

<LLa 1I tLxll 

VDRI j Ai -fc t I jrjjjil jL-^iVI ^. v-vt mi l 

4 J^^H 5 C «=>^il h»U I - P t_.Uai.idb Lilj"toil IlJoLLJU - La^jll 

jLuJll Jjil <o-ai phase shift jjkil JLJjl . O eiLL.ilI >.- r t l, Ujjj* 

LeuXail *a* i ^ ty jL5j , (La JiLL LjLail «£,j_o. ^all .Al l 

’ Li-a lML! ,ji (-j V.nlr»a>i *. n ig *i| .>> W^, ^ J iV> * * i a t L j- ■ ■•*'~j Ob <iVi.ill 

MPjo— Lj£»j La I , A» i j-o ^L .^11 JLIL2 analyser A JLUI JblL L«j > v<> a akj 
pljjjj Le-L-i>Ail <^.ljVI LU j«laterally duplicated I »| .jl.. t_iiUu O ^» 

• * " <<l> Af 00 4 cr^ ■■> a 71, 7t JJLLj < Wj jjiilll 

<i > * J-*ri o^u * LjIjJL o>^-euVj jj-tiia Jjc SjLx. j 

. w 2 








*4** ^ * vectorial diagrams oL^Ul Vllii (\ WY) "Pluta" ^ 

W 2 Wj jj-iJtl UJlUl oVLJI JlWai <a^JU 

- fringe field v a*JI JU_ J^A\ j UJII J>L ^ ^Lj Ua . 

' r- ^ 1 ,1, 1 1 *-*>* cr 4 ^ ‘ 0-05X ^JJ - <j>lcoVj j.1 . J . 

t> J*l ^j>JI *j»|j g^ajll jL-^iVIjjL^VI caULc* c^lju lLUI dia^ 
. Pluta, 1972 — \ { jM ^Ls ^Ls <i«tj •, • • \ — .,.. Y 


‘ o^ 1 *j-^l j oH = X) JjL ^aUl r l .^~,.. l ^ay 

(Faust and Marrinan, 1955)< !> i_* a JI Jui*!! juj^I ^Vl f .::.-. j 
differential interfer-^li AU . iH J^ljlil <5 j> 1* fla -k l..J jjlLuj. achromatic fringe 
j « 1 *"o « f-a fringe field method ^a-fll J l r ence 

M cr^l* vApJ* <u«U^ll jrfi. <-iL5U jrjajll jLu&tff oiUU-« ^Lil 
o>L.l«_« Lfl ^1 tiLJVl 3LJjj alt • Salli jl+tJI la+(,. .hr.. 

jLui»l jjfc c t h-i t j aj L.^' ,1 JaI*_« ja£ JjL« ^laJkl^ul alt ji la^ <_Jlt j l ...<‘ t 

. Hamza and Sikorski, 1978 - jlji^ r J .. »-.t i 

J 1 ^ 4 lt* t> j4*H ft* CiljfA-* (N'VVY) "Pluta" jail aJ*j 11* 
<faA>ll(j^ L<aaU I uiLJVl ^ U&« <aJ j-i ? ^ ^ . tiUVld 


(aa^iJj^all^t^lj Hamza, 1986: ^1 - v-olu^jldl 11* ^lail^L 


u$>*^ Jllaall cu&uujIm Sjj^aII ^(jajl -o/y/\ 


The shearing effect in interference microscopy: 


f 11 “ 4 ‘^l Cxs^i L*alcj t jt^usJl jkLuuilVI ijk. SjjAttll {rljJjl <jLjJU jbLuu 

^ U i tAO il jjii Lalcj • total image splitting J& ^Luill gil ^^aJI <> ^1 
c r^i ‘ fj 6^3 ^LuSlI <i<aaJ uJ J5i ^ ^a^ JLoaS i j>wJl ^alUJI 

differential splitting ^Iuiliill^L«ilVL 
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r UiiVI (jr k^ > ^ a JI 4 ^« jSlijIil *^^11 r lo^L^I akj 

o3^i • rotary wedge jljj Cm-*-"] ^l. t .l 'i < » L di^j Lilli J ...«w ij 

C£+i design ^ • .olK 0 uil U4 J^Ujll<>J 6 - jM 1 IIa 

zb 

1 >oc 

, 

— 1 — 



jhi <fij w oiyll jL-^sVI f.aiULI JiUIl ^jlu^jSat <*>^1 f lkill (y>) fi, J£A 

(Pluta 1972 <>) wavefront shear ^iy» r i.i r -i J j J .a J .-...ii ^-h 





IfJt Jil\ ^uuS^JI ^u-UjJJ olkUstfl : (V/^)fijJ££ 

(Pluta 1972 (>) (y\) 

< j* E.!>^ di * A C^i J^killl pi ^ “ -I aicj 

Polarising inter-^i >) <JL f LJLl Sji 1*1 JLL^i cUjc JL*i^U J1 ^, Sj^l 

o“L> lt* ^2 05“^ j>2^-a . ( ference objectives 

^ otf * 1 * 1 * ■* ! ! lU^I) vjjiai-jLuiil «_^3 ^u^jij5LlLI «Lt * j -* .\j ^jt l Wj 

^illi (jAj-^all JiljJiil (^ Ui o o-° Lf-g J o > 0 ^ oj£» slit iaJlilij aujl^lll 
Polskie Zaktady optyczne (PZO) 1976- double polarising inter— v il«... vi 

cP o>l—Vj jl >. 2 ^ 1 > jjju (jl - ferometer 

(Jj£* l 4 l V^) I jfj u J-aJI jjJaAJj . JLuaAjI jlji_* 

: o>^ <!LaJI *1* same orientation aLjiVI l> »L l^J 

r = r l + r 2 

JjVl <Jt J j .0 -J l ^jll ^L.ia,‘.VI IjljJL# L^ji r 2 , r^ 

. *_LUjlll (jjlillj 

: aUJII ijSc. <Jjlj ijj£j t tu- fcl JJ-uuill L y^C. Ijjj 
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• ( r i - * 2 ) ( r j + r 2 ) <^u ^jljS image shearing value 

JlliSil t^Lu^w ~VV' 

The Ziess-Linnik interference microscope 

JlljiU ^LU LU HwL- ji |? n |jj| ^ 

(N^r)"Linnik%l^<^ J ^| ! ^^3^ 

<->JG< <«.jc C. ,^l jX -x.Sjl*J| 

^Vl °£ 0 Ujlai* <jjfj4 JLmjj< <juiVl 

(lA <> OL^iVl « C av> Jjll c kuJI -Li ■■■"> Oj 2/...M i i^oJi 

G ouiVl 0 2 <LU«JI 6U:I ^ <k. .~.l ^l.N <u(^ 

—«-iVUlA t>M i«j3^ 4 Oj ^LuAnil <£1*11 Oj' cl^UI ^JJG JiU.*3*111 

JU^O^OjCjS^I^JS^j* Sjj-^IIF^Fj objy~H a&u 

^ J r-^ 11 <> J-^2 ^i <ia*ti <^ii ^ ^vi, uLl^ii 

Lf ^ l w-fc ^U ^2(1 P' jit dJj jLLjreference plane wave^^1 <^| 

o*jjLu+i <«,(jj fijj, ^UUI JlLull <L>j± Cx£Zj . 0 2 <m«IL 



4 fSl : (ty\)fijj!Li> 





« dial (J^ljall jUu (V^) ^JcK‘^1 (jUJj 

>VI ^Lulllj ^kjjtl Sljil jj* UjkXal < ^.»,Xlu ££c.IjlJu (ju (J^lxill ^luj . 

•" inijtl cap >lLc <!uA jk Sljll , jAikitl caj j4 

jja^J5J X^* 1 ^* ‘ ^• a j ...K«‘.l | A |t <J>cl 6)l!t iLa^jj ■ l.| u 3 il.iu-a ^kj 

V t to * \ • eJLpjlil Ijlc. fjJk If J±& Ojij < jl^aJI Jji^lll vll^CktI 3j*lt , nil oliMitf 

jl^JLI <j<uk£a«l ^jli (jj Suli yjil 4 *ij »iK«il (jjSa <£>j>t Cap altaail < Sja 

L ^) l» 1.» A il { jjk I < Mi J jJ I ,'+* » Uaail U yi l.a K y l > C>t l JjJL« jlj L1$| . l|«^->i > 

SfLaV Oo-tVi jluu all ^tlidbuil C .i i ilJlj X ia^l jl_jll Ini oil (jo oLuill kt ■ A 

lx* jiujUaj (jt CiL^kll (Ja ,fh j I | -fcUm j« (jiX atl I »j <^>ll fcua. jjj <n all 

•La^VI dl^ 20 A, ^1 ^2 o* tfdtl jy* ^LuiaVl ^tkui jtujl in*i juLi itjj 
C.W-“Jj-UI ££jLal i^i jit <A4 J* ili njj . ^ U.JI lx* c. a ai I 
Jj ui > II jkul jXuu jit irtl I Ij^J JxIu^j < oT 0 = Aj 

jlI j^xj di^j low-order white light fringes * JiJx <_u j olj *Lik_u <jx* 

^jlai ^jmII ^IjbawL <*xill oLuLUl jvxij. (V^ fJj J^tall ^usjll I ju^Ull 

oh -1 • t_iX* fjdlill Jm Jjaii^l (Jaa < 4a^ll JjJa 

ILjUI *lfjj < (jAjjVl ^IxiaLI Jau i^JLjil ^l nn» Jaj did dJUj < 4 ta ill* <jjj 

. <jtJ I JLa » jlxlal ^jlc. JLc. contrast jjLjj old jjJH <UdLaJ «_jx* jj*vT» 

JaklijJI Jj ■> Ioil ljaal£ ^,t -*1 io~> jl <jj5tlll «_»Xfll <j « J t_y£juJl i i\kC ^X^iLuuj 

(j* JSk Jli ■*» 3 »l£ab dail — tjiulj ‘* (/• (jHJ Jklxall ^Uoj j ulj j 

C^huill xa.1 jL* yi Ut.Ai yafll linear dispersionj^is %j*j *Ull 

^jill Ix+j <bj£Lll ^LSJI ^j^ji^ll Jaljlli t_»A* CjU CuuLuVl jjjiJI dal ^1 Jaa^L} • 
Ulu <ii yji localised Fizeau fringes ^i>tl Sdxa^ jja* <> 

« <ik ^jrfkll (J^lxall ud* juj did d n.j j Vjl ^ r* * jljJU ~ U.,.11 JjVI jl | -^tl 


-to — 








<> va^il u)£= jJJ ^ au. ^ cji 

. o-^-aJI tylll !> 1*1 Sji. Sj^ ^ 



mJB C U^. T 44) - Ji ljai ^ .^, jUl jyu- ^ ; (v , } ^ 

ii ->* n ^j^o»C J )P.^USi J .I. w>>J ; t> .M, r ^|J,.^|. J . J . J ....'„ 

JLiwii, . VII, VI,v, rv, in l.x.11 -. ;.- 


: (j^jj c^) JiljSl* i^Li* -V/Yy^ 

The Mach-Zehender interferometer 

<**UVl c-i-—.VIJamin interferometer ^^-SJI Jilailt u ..Ls. ^ 

^1 ^Vl , <^|| Ju-iYl Ce3wat , 

L|^ 

C-L*o"W-*-*cr*<^u aCL^ ^1 ,-^L> ,*l. .... 

^ Ul bUb uj^ ^ - Zehnder 1891, Mach 1892 - 


jJ— S . >jj c 1 * u-LJU ^ o_*iYl jLm (\./\) ^ jfcji ^ 

D 1 semi-reflecting surface (Aj) ^Lc, . * .-if f . L ...u ^ 

<> L*__^l^l ^ d \±_^ <*!*> j\ _ ^ JjiU c _ i ^ jV( ali 








gJkMtVI olj D 2 <ia.La.yl I iajjAlJ (A 2 )uLaIII , M| 

3 | J > u* w | |j1 (jij-il . L »2 *Lu<U* 1 I <iauuufjj <UmVI <jjljjJJ 

< i*u .t.llj< Mj C£-i j-*j <s 3JI £f — _yj plane wavefront ?jj~ — - 

^ yi Lfl <LL_5JLI Cajll uJk W^2» D 2 

wavefrontxjjfj jUII ^jjImJLI <a^Ii <( r ^ W J , D2 <J^la.yJI ‘ M2 5 l„>ll 

ijxiVI {y* ^lllj D 2 M 2 Sljll lju *^>^>11 virtual plane 

jjJJI (J>-i o|—• W 2 <-a^jil < < > *> (j-lc. P J . * L....a < Ui > JlIc.j . W^ ^JLt HjLjJaI* 
Bom and Wolf, 1980 - JLajUJI ouiVl <yu virtual phase difference 

; a£f- 

8 = 2 7t n h/j^ 


h = PN 

L m ^ll iJ jk n, W | P ^ <_>...]jJI <iL..JU ^ 

: <lLa» uiA p <LUJ <iiljJLI p' <L£ill ajc. W^', <ju 

mA, = nA,, I m I = 0, 1,2,. 

i phase objects j^u u ^Jl ^Lua5U o VLa, I ■!«» 

Lfji Two-dimensional phase objects olj ^ t ... ? Vl -) 

. <&JuVf J Lilli I ftlajl jjj jlmCtVI J*al*a 

. Radially symmetric phase objects LjLi<£LiU ^ l-- r Vl 

. Asymmetric phase objects <£Lil jJL ^L-aYl -_a 

j L a u) *laj| fj* LjA <ajll jxij, ^jll fu u taJ I Jjia <j j£» <1LJI 

. lal» y, z ^ <llj j L u ^W l JaL-* uj&£ ‘ <JuiVl 









s 

I 


ti 



f>' 


(jjijj £U) I jLu : (\ »/^) fij 


Fringe shift equation : «jx*JI LJjl <1 jU* 

o-L»it <aJwVI oljLuu x^i iji Phasor <? » < t>V I jjJ> j “«*l ■ »l »■* ~ >*■* 

: <laUIf l |jU«l 8 (y,z) <Lxfll <jji ( N N/A fij J££) jxijj < £L* 

1 f Xl 

8(y,z) = - I (n-n 0 )dx n = n(x,y,z) 

A. J x 0 

undisturbed jj >1 <1^jli ^Luill jl ■ ..*vW | Jtlx* nQ ■ 

. II <a^« JjJa ^ji X. < beam 

disturbed jj «* <1 ^jdl ^ <All j lmt l jji la*ol > <IjUII *x* oLuVj 

: /*i <u^ll Jlji»VL Lull* ray 

(2 7t) jljJLaJi Iijju l l .~.l * r 1 i At I (N^ - Nq) jjjJI ^JaJLgj 
• 5(y»z) <*«q 11 <^lj| fijll lx* jl£JL L*jkjUk*l Sale] xlc. j J ail ^IclaJull 



IxL 


n = n (y,z) 


n (y, z) - no = 


8X 8A, 
xi-x 0 " L 


U»£"f 
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Twodimentional ^ yu ^ ^ 

. phase object 


A 

►- 

• 

__i_I__\R 

6 

l! x 

/J\ \ 

_ 1 

* i»*.i 

t ; j \ ■ 

s*. . r—;- rzrz -1 


^ V ^ v-V ’ 7 7 p-j <*►*** 

D, *j>1» <> ^U-i B R , jxii: ,> oU* ^J tf jU ^U-i A ,(j^ £U) Jil^l 


Leitz interference microscope : jldl Jihsll ^Ui. -A/Y/\ 

L 4 i fJ j^yi ^*^11 j|^j r ^j| (j) 

£*4 ( <^11 ^ Jil.U2 JjVl ^u^A\ Cx&s « undisturbed wave j--“ 

. < 4 j£iJU 

oU^tl oUja^ <-^UH Ll^ll oljj-Al* P 2 ’, P 2 , Pj', Pj 

. Mach-Zehender interferometer jai^^L^Ul<*^1 ^Vj ^ 

C&JJ^a L <UmJ«JI o^l» yu d ^A. .no n, i.t. aLl^jc LaO/ O, 

d 2 , dj . 0 2 <alj*iL Ufl»i) O^-e R, J CJ& LU. 

. A jLUl Jjui^ - <jj|jUtl ^vJLmVI ^Ijj 












References 

Barer R 1955 Phase Contrast , Interference Contrast and Polarizing 
Microscopy Analytical Cytology Series (New York: McGraw-Hill) 
Beyer H and Schoppe G 1965 Interferenzeinrichtung ftir durchlicht 
Mikroskopie Jenaer Rundschau 10 99-105 

Bom M and Wolf E 1980 Principles of Optics 6th edn (London : 
Pergamon) p315 

Dyson J 1950 Proc. R. Soc. A 204 170 
- 1953 Nature 171 743 

Fatou J E 1978 Optical microscopy of fibres in Applied Fibre Science ed. 

F Happey vol. 1 (London : Academic) Ch. 3 
Faust R C ad Marrinan H J 1955 Br. J. Appl. Phys. 6 351 
Fran9on M 1961 Progress in Microscopy (London : Pergamon) pp94-128 
Hamza A A 1986 /. Microsc. 142 35 

Hamza A A, Fouda IM and El-Farahaty K A 1986 Int. J. Polym Mater 
11 169 

Hamza A A and Sikorski J 1978 J. Microsc. 113 15 
Heyn A N J 1954 Fibre Microscopy (New York: Interscience) 

- 1957 Textile Res. J 27 449 


-Too- 




Linnik W 1933 CH. Acad. Sci. URSS 1 21 
Mach L 1892 Z. Instrkde. 12 89 
Nomarski G 1955 J. Phys. Radium, Paris 16 95 
Pluta M 1965 Przeglad Wlokienniczy 19 261 

-1971 Opt. Acta IS 661 

- 1972 J. Microsc. 96 309 

Pluta M 1982 Mikroskopia Optyczna (Warszawa : Panstwowe 
Wydawnictwo Naukowe) In Polish) 

Polskie Zaklady Optyczne (PZO) Instruments 1976 Biolar Polarizing 
Interference Microscope, Description and Instruction Manual 
Steel W H 1986 Interferometry (Cambridge : Cambridge University Press) 
Stoves J L 1957 Fibre Microscopy (London: National Trade Press) 
Tolansky S 1948 Multiple-Beam Interfrometry (Oxford: Clarendon) 

- 1973 An Introduction to Interferometry (London : Longman) pp 

210-23 

Zehnder L 1891 Z. Instrkde 11 275 


-ToV 













tiUVI <iaju«f pjxaII OUk^l I QtirflillI 

Back-scattering of Light Waves from Fibres 

SjaJUuJI jj aj is^ L^jjo£. 1 JojjLui <Ulob — \/\. 

The case of a beam of light incident perpendicular to the fibre axis 

cJul { jk f -j • ^11 aa>( oL^jl* nil J«L» Oj m >11 «jUVI ^ 

jjuijlc CgliL* jj^J j£j£l (jj (^UJaJL* U 4 *^ fatfJI JuJjJI 

<iljjLu<yi NTo w jJai c*l^j (oljlajLS) la». jjj£ 

Sal* jLu&j J4U4 ^LJj jujj n core lajLuStil J«Im Sal* ^ ul| ^k lall 

^iojt j L^jjiiiij»jw 1 nil ul jlitwStitl ^Ulx^jn c iad ( *.j. 1 * '*‘11SjAijh^jUII Llj L iiVI 
(j^j • Lfualil 0A cilj-»«.itJI (j<aui«rt ^ aaau cJj^ljL tUC tjjtiMl ul 

jL-ulil o^Lu ^ui ^Lil non-destructive technique iubtl V <iujl<» ajaj jaill 
<> Li 1 t jk ^l 2)I *jjk leu t.oj juULl l+Ja^ixJ <jSL*j 1J1LJVI «ii ^ 1 ii l r» jlLa(j 

. t-iUVl *1* uawu^ 

oljU.fc.ijJl jlaJ^j jIauSuI JuLfcu jUJU <JLjia ^■j.iVuh > .*a|ll laA jau Sjlvl^j 

aAljuj(N\Vt) "Presby" _psl ^sll uncladded optical fibres SjJtf (4! j-J ^1 
^Uui iolux* Laaic. back-scattered light LiL oLill JLL*l ^ic 3 LjUI *1* 
oLjuukulf (jjJL ^la^luiL J‘ 1 ~-~ «sIjUbLj. Lijjau jit Up * f cw laser jmum 
sharp aUJI ^LLJlVI ^-Sj* jjSu <>>(«'>• oa^ j-» ^<^11 ^aj-CJI { jk <11 aau < tuaji^ll 
t Liu < Sa^lj <jLJa j* <aj£lll *jj *‘«11 Salt jLul*I J«Lu aa^> yl jL> cut-off 
lii ) jlc. j y Sll I >^aJl LjUjulu^ Qu iilujl jl Sj lfc i t JI tai jiaJ jgLUU 

soda glass 1 ^ mil ^l—^j i_it_Ji ^^Lc. 1 1 > _> Presby oujL Lia ^a-ilu^j 

ji ciUVl *jla jLUaI ^jljllj« s jim> IfJ juJ jilljPyrex Silica KiLuJIj 









^ . Presby <i> ^ JUI 1^. r.. \. 

Back-scattering analysis : ^iiill cuJtSM J.i* -\/\/\. 

ij4^ili ^ije *Uii ,> 0Jt jk r ullj ^ sy^i i*i ^ c u^n ^ 

, ‘>~ sJ, oi Fresnel coefficients Jiji coL.1^ oLL^ ^, c.ULill * 1 * 
»x-ill <> xa <1 Cxs^i ^ ^ vJjjL-mJII 

' £>* ^ S*d>* ^*U3 ^ £>Lj Lju*. minimum irradiance 

■ (*) fA> L£ 



J»iLJ| £ lull I : (N/N.) { 2 j J££ 

E% 5 -hP^ 1 £U-i UL^ Laic cl J^i LoU^ll oL>uaJI J> r l oiJL^ ljj 
(V'*) f*J ^ ^ LLIj Ij-L-Si* LtLuiy I ...<.-,, n. .» 

akj J^Li ^ s^L* cciiVUjji o£i Uo—i JSUltlj 

U>lU <*-LtVl *1* *Uj| ^iia < [+> Lj^J. 1 Ja^llj J^,*11 Qo J^Lill -t-.n 

^.I. lUm .L jL^^U Snell’s law J/.-- ^..i <.-.■/1 

Ciill 1 £-\>C OLJ^f tf u^jUJI £l_«_itl J[ JL*> Sj^L-ill CudiVl j l .... 
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•j-AII aaHI ^311 JilaSlI jLIaVI li£. jj ^ C'U ilL-iVl^. ^jkLXJI 
Fresnel Jjj-J cal J «—> JbL_ X ^ 11a ^ irradiance ul^nil 

. coefficients 

up jL^uiiVI iylj ^ r« <L*_* <kii jit £hui lyJLuj lylj i c«(£ Ijjj 

£1*^111 11a o-K*il akj. Sj 4 «u£JI ^1 lilt Lait (i-r) L^lai* cJjaij ^Luifl 

11a (jl_4 . (Jt-2r) tjljJL* jli lilj^il ^Lu <ili jju .Ml ^jJUl j«LJI ait 

<A »dlljj. *j «j. i U I jj-* <^>1 ait (i-r) »jla2* 01(2 lilj^ll ^Lu £L_.ilI 

: <laLtl £Uuill ll|i 0 

0 = k + 2i - 4r 

d ^/ di minimum angular deviation ^Ijll ^Vl jaJI v i-(j 

cA* 3 ~ n G = 1 c-Ai <JU ^ - <^Hll . >La1 L J*Vl ^Liill J,Ldl 11 a 
minimum deviation Jl HI_>aiVI ijjljl <LHI J^LJI <ylj 

6 = re + 2i - 4 sin 1 (10.1) 



4 cos i 

(n 2 - sin 2 i ) 1/2 


when dG/di -» o, hence i = i m , and 


( 10 . 2 ) 


cosi m 



(10.3) 


<JHaL» « stationary minimum _)**■<*.« ciljall JiV <LliII i Ju*s ^ *l^j 

• d 0 / ^2 ^ilSIl ^l.Aliill J*L1I Hu dl j 

The angularoHilll ^Ijll H-U Jj^u (t-\.) <laUll ^ 

1*» Ljntr^ olJLljLIL <li 3 Lj , half width of the scatterd pattern (^m) 

■ <laHI ^lt (T/\ .J fJj J£ii!l j4 JiH^j 
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(10.4) 


Ljji = h tan 0 r 


o\ 


0 = 7t - 0 


. -i siniJ 

0 m = 4 sm -1 - 2i, 

n 


(10.5) 


0 m = 4 sin' 1 


2 (i 5 !] 1/2 

irTJ V 1 " 4 J 


- 2 sin 


-l 


2 1 n 
W *"4 


2\l/2 


( 10 . 6 ) 


yj sharp cut-off jL*JI ^LkiiVI <ji (V\ .) fj, 

J«Lu ^JJuLi ^r.n.i uj tj-a SjJ a iti jjJfc Ini i »i_t l «.iic j)jUI ^Iam) ^LLkJf CiImj]! 

■ tjL jlu^il 



^iUJI .*•.*».*lH ( yjt JyuuJl ^Jaluill jinjll ^Ualll : (\/\ •) JLi 

ijjia iNvtJ Sj—2 * “tTY, A J>Li jjjjw — <Lul1 — 1 

. LiJi tidJLI U-iVl -5 ijojuill ^ iUUll -4 JJU -3 


SjgAi&ll SjL jLu^jl J.U- ^ul U~d\ ILjLll -t/\/N« 

Determination of refractive index of the fibre material, experimental proce¬ 
dure 

ja ^yilaJl pi■ fill I yift Jj<n> It ^Uaitl |T/\ • | ^<j Jlwll ^uajj 







^Jc. ■LSr.wj o&sjgl JjLsfe (jji J^U> (j>;u — ^j_sL«& ^U_Ju jju <jjkj i uiLJVI 
JiLJj Lj ^ back-scattered light B oUJJ p^^Ji . s Jl ...m i 

• ^Jl J^q^jll ^gja»Vl oLfeLaSV! ckLJall pj^uall n.i,-^ -fcjj . LijUjX.J4_^i 

Jja Lm«LLa T• i ~ 0 (£jlj uilj_sJ,l <J£ Lr^siat oI-mII p^wsJI ^JLij 

Jj—l®j • — 0 (Jja. iliLfti-a o lA lU d*m I . LiLJI ^ LaJdl 

k^Hail O^AJI (r/N • ^ ^bSj .JSLij! « ^j^I^utaJsl 'VTYA = X ^ Ja^mX I pjaaII 

• ^ * * jj-f !^=* CjIj SOda galss Ijj^sif £" la»j jj»a 



’-Ij^I! (r taj j^k. c i ki t M "L-AVi ,j.» : (T/\ . J ^Sj JlLA 


CxxAt* Y L*^* 5 

•J U 8 * S^j^ULum ? Li h (j 4 jjJll ^Luil jjliaJI CiLlill “VV^‘ 

Back-scattering of laser radiation from a cladded fibre : 

iJ-ta^LlS <aJa&! a >la_t_ i uj > i 4jj^s^i.,jJ l k_a LijSU <jJlLj_i_all ^-«-» * I ■ ^ -v 11 ^jju 

^UdJ yiliJI cCLflSil t> ell^j i cladded fibres SjoiSJIjcJI c,ljt_iUVl JL^Sj-uill 

, Sjgp u fJI jja-o ^ic. L^julc. kS. ,.j jjjJ 

<JLa olAlU gja-aj-a (N'Wo) "Ho et al" &jjjbuaj jji ^jj jJii 

<j4^ £< >V rJ iaj_ii JJ&J < Hqqj-^ > °clad ‘ U-iLJVl 

■ £-a (J l < ^ > a I ^Ui« Ju£j Sjaakull wol ^ialjJf 

£_UojLoU S p a t i a lIj v-JJI OI j 2tj.--. 1 11 UVI ^ya jjklaJI <•*■*» ■*~tI j■ **Ijj 

. two sharp cut-offs jLJI 


-n\- 





n core > "clad jLh^sI ill* u airii ^ 

' amlfjul jLla.ljj 

The case of an optical fibre with n core > n clad , considering single re- 
flection: 

AA^r*. . .b*ILJIsit <jl ^illll,-.1.1.-ill j<_. 

: Ifbjll *A* C& •tftUII tjjVI <IjU1I ctHj • u-liavij jl^BU s>UI t WI 

0 = % - 4y’ + 2i + 2i- 2y-n - 0 


d0. 

di i = i m _0 




: *m cr* Jl jj jlu 


2 cos i r 


t i ---- 

[(njrj/r^-sin i m ]i/2 (n’J-sin 2 i m )i/2 


[( n i r 2 /rj ) 2 - sini p/2 


(10.7) 


"'2 = % = n core and n; = n ^ = n ( 


(# !>*) kpi I Jbsm^jK jLaX.I J*U* jjk no j 













r i ■‘■«* i, iv' J ^'J-u. n2 .! J jj| lj U£ ( j.u. ni ; V !l(o(M,WI 1*1^1 


ij jLi ui*^i *2 . i jjuuilj 


^***»'‘m J 1 **>-—* ULLj(V/\.) fi,U.U1I J»jc4»o 

«L 3 VI <IjL*JLI It J-•, <JUJ| . _ 

^ cr*>‘ r j ~ r 2 Cr^ 


0 m = 1 = 4 cos 




-2 cos 


{n‘[ n ' + i n c-j^) J J + 2C0S 1 f! I | n '^[|n c 2 (!iJ 2 -i| 1/Z 


n c "core 311(1 n s ~ n c lad 
; unclad flbf e JJU ,> <^ui 5! U 


-nr- 







r l = r 2 , n c = n s = n and n Q = 1 

. (UV£) "Presby ^1 <1 jUU 5^Vl ^laLJLI JUVo 

: tgul&lj (2 ^UjuI5uuI tijjAsk jLafcb <Lju^j cibil <lLa, ^ilaJI CiUullI 
The case of optical fibres, considering two internal reflections : 

yit *<* ! » **«*» I tjn* jj jlll < 'jaLL 1I d-SIll <_uVI oVaL*II ^.A y*. 
tytHS' Q *Jf**^l *■! jgU Jl*u ^ fttVI rda^a jk ^uJa,lj t^uui 

oljL-uSul ^Lju ^jil JoiLuJI ^Luiil jL^ ( o/\ • ^ J<.M I 
• b(jjh Cjjj iuVI <IjL 1I , <1 La*. Lljjli 

0 = 2rc - 6y' + 2i + 2i' - 2y = 2rc - 0 


d0. 

di I 


i = i =0 

1 A m 




i m tr* ^ ^«j 


3 cos i„ 


cos 1 . 


cos i„ 


[(n c r 2 /rj ) 2 - sin 2 i m ] 1/2 (- sin'’i m ) 1/2 [(n s r 2 /r } ) 2 -sin^] 1 / 2 


. 2 . 


= 1 


<D 


m 


CjImu <afi (jJaAj <11 VI <jlfl ~ 


0 m = 2 = 6 cos 



If 
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o l . «« KaW I tf V Ojjj ^Lu jjjJI LiVI JjUII Jj - — -H 

r Sj jMul ll ul J^lj m <LJ^I jll 


0 m = 2 (m + 1) cos 1 



(m + 1)2 
m( m+ 2) 



-2 cos' 1 


L|m(m + 2) 



- 2 cos’ 1 


n s 


n s+ 


(m + 1 ) 2 
m(m+2) 


2 

n c 

(m+ l ) 2 



+ 2 cos 



(m+ l ) 2 
m(m + 2) 


f (n c r 2 /r 1 )2 
, (m+ 1 ) 2 




i-J Jil J igjjl jLjtL L ol l CtLAll ^UAll jLmm £ju«*JJ : (d/N • ) flj J&A 

*jj**^H ul jLuil ri2 • 4 ^A H SjAa jLiXil J*Im n^ : UVI olj4-*l>UI 1^1 ^jJI Z j»«,*n 

■ >144»i»4i r 2 * «_J ^Ls ■ *■ — *• i 





: He u*l c£*i3 

^m = tan" 1 () 

ttUtl h « jLJI ^LUlYI Juu ^\ Litff C& JLlLJH 0>UI >*2L m ^ 

. JjI^II (jilrfcll CtLVj l J&J\) ijjUuiJI £ju 

-> kil “ Becke-line method dul J^UII Uj> r Ijii-t n § JUs ^ ^ 

. Hartshome and Stuart, 1970 : 

r l 

Uiic n s , n c uLa. m = 2, m = 1 Lak. d> m 

• CiLLuaJI »Ju # ^IVI yyu.LJf ^iaJL^jj 

L *- x **“* •***! ^ Jilj >M (> -£/>/>. 

Light scattering of a beam incident through the fibre along its axis : 

: C&uVI^IaJI 

. aiilf ^UVI JaUJI^Rayleigh Scattering^1 Ij-\ 

olj,^ micro-bubbles ^LLi ^jl ^-.i r -n r ^ _ Y 

til-4S y->i2lL ,*2*3 micro fractures <JLij micro-crystals 

^ d>k ^ji cikilJI ,> lj^ Ijji isotropic scattering 3151 * 1 * 
micro- ttuoll oUk^YI JL. ciL6U ^ 

numerical aperture A t UaM <>ji >2 ^ Vb bending 

. Sjjjfc.ill jL*&l 

Sj^x^iJI *Ljl ^ Cu-uall -Y/\ * 

Back-scattering along the optical fibre axis: 

U> ^lks JLtofcJ V <jl> <> galill ^ilHI oiAJ i f ^ 


-nv 










f 3 a —^ • "Optical time domain reflectometery (OTDR)" JUL>L i| .1 
ur* ^ ^VI) « Baronski and Jense U >i> k; 

» * O'VV a,b) « Costa and Sordojjjj^ »Ju Cx a*-***- ^ 

. (\\VV)« OfwijjlLj »j«« Personick ^^ 

<1^1^ ?iUJ( <> ,3a. c u .,.fc»i < ijjixuiJI J}U JLujI J*. *1* 

l+lLiitJ fl» i**xi l<ji* oL^UI tf <?jaj Sjguuill 

. 0>ua1I I 4 I* JikJ ^ill SjjUuUI cijJU fjuil Joe. 

: l-jkill -\/Y/\. 

^Lljcu-*i 2 JLSUJI jjJm aLjS <> S>. f « . t .H In tf UI^iUu 

pLi c ai tl tl <> £jill \1a JoJU Ujjux. 1 lalj. isotropic Rayleigh scattering J5UUI 
i>>^l < 1 » Ji.jj all Sjja^JI ,> z a*j ai*. - p s (z) I 4 J >^3 - asi.M l <iUJI 

: uJ^f dz <(>ia £-Ll* ^ 

P s( z )-Y s P(z)dz 

oLai jLlcL olxa^jl (jrh^j C i i ii fi gJlill Jlill J^Uu* ^tk J 

d>Mj AjjAAuiil * jL* i_u£jj Iji (_>oiLa^lii fjjz ^jii JjlJI £J> jJHj Si ijL jjUS . .* 

: SljUll <aL*: Sjjk&II jlal*l z jju alt ixill && X 

P(z,X) = P( 0 ,X)exp|- J y(X,z)dz| 

SMI cUU- JLm Y (X, z). Xj^uill oLLa ^1 JLf^uSJI < 2 UJI Jlu P (O, X) do* 

. i jt ■ •■yjl t-i^L {y> jJaill Xaj J\ ^Jx. Jl^LaS JJ ^OJI J^jjj J ^ 

Y(M = - f\(X,z)dz :^WUaiillJJ~u^ 


P (z,A.) = P (0,X ) exp (-zy (k)) 


: cilia 



12 ID I Cx&i * ^£>2 ^ ***> I UiU«ll ^jjjJSlI yi J5U; ^^aIjJLaI^ 

I (J^l <•■■»* ? 1 1 JjjIII Ijjtj 4jL*u S <1 j*J* 4^jl(j i jf.tJI Jia 

<4^1 < STEP Lktill cuQ LfjJ jL^il J 4 U* Sj4Im <!Lw J|j , < ?, Kt l 2 * .,.^t L J 
’ I4J jlu^tl J*Im IjjUai ltla> l ,-*j 

S = -5^_ = 

4jtn^ 4n„ 

cU^*- 4 <jr* n Q _ n j )2~(5*Ln4j < 4 *LjjjlII <^IaII Cu 2 A 

. i^iiitl jU^il J*Lu Sj^uumII ut jL^ll 
: t j r A z + dz, Z (jju LilL <ILulI <iUJ| j| 

p bs ( z ) = Y s SP < z ) 62 

J^J jiil AjJ • ittll Li)la Z JJtJI Jjc. <?TI it>U Htl^lI *‘*J *all <iilUI 
14 * Jj 4 ‘ ‘ ‘H J tfc J * jau udfttl ^Jj IfAU^if ijj^u ■ dz <|yli #j ■ 11 *» 

• Ijii LuojI jjjLfcj kJLLaJI l^lLj ,j4j . SjjamJI <Ojlj 

^ic * i i wKt l u^\ J< 4>* i z + dz , z £y* 4,*,11 JLiLLJI <ojVI <lj(_*JJ ^ 

: *n ^ S^li^ ck>I jiil 

p bsd( z ) = 'n p bs( z ) ex p|- J Y (z)dz 

. L ai ** oImII - jytl J«bu ^1| jjji y 1 <*ua» 


: <1jUII ^lll (z) <aj2j (j^jyulLj 


p bs (z) = Y s SP (z) dz = y s SP (0) exp j - J y (z) dzj 


P bsd (z) = Tiy. SP (0) exp - I (y (z) + y’ (z) dz 


(■X 


\ (jJc- 

dz 
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: 0^3* ^UVl Ji\ aiill^LU*jLlfcl {£*& 

Pbsd(z) = T1Y S SP ( 0 ) exp (- 2 yz ) dz 

"kj* - tr* ^g '-' J'* * t — 2 z / t)g <il«j *jli j«j z jiu jk Sj|jULI <2LUI J 

<—kull «j& Ijj,. group velocety Sjjuuill ^A iu*Vl 

t ok, J* IULJI p (t) <Jfll UUJIoU, ATjjk 

2Az 

. AT= ioi^lijSilf<LLJI<I jU 1 I 

S 

z = T/ 2 ^ JjU Je. exp (- yz) c^i oL 5 

J r v, T/2 

P bsd (z)dz 

0 

= T1Y S SP (0) exp (-27o g t/2 )( 0 ) g AT/2) 

= * 1 Y S £ A TSP ( 0 ) exp (- 2 yo g t / 2 ) 

xa^li di.i£ fl IjJj < A T <kL»jll Sjiill ^A P (o) lui c#L 5 ^Lul dl^j 
yI4I* C^*i <ilj <lu ylt »juL«il <>ji,I jSLi ojiki dlj . 2 L.,^ % 2 - .5 

: ^JSJI Jiill J*(*a 


P(ti) 

plh) =exp 




n [In P (tj) - In P (t 2 )] 

~* Y -87v^— 


Costao, i4 "> « J all ^Uilli (l j^ j ■ A y L«j) (*\/\ •) J&All 

. oUSlI a-Lil and Sordo (1977 - b) 

fij JUJI ^ <—U (UW b) "Costa and Sordo" foiiudj 

<-d^ll * j-* SL*JJ . <i« (JamIa 2 jJ ■ < a ll ^L« jd> jaKtiVI J tl* ~‘l (V/\ 

cfij ”* ( n L — n core) *~ >i•■‘* *11 *-*1 jl « w!k il d*U_* ^jLu^t JSLuu 







cbLi , beam splitter U-iVl JU>J • (S y^ JLkJI 

. micromaniPulators 2s..^ 2 -ti 



Costa and 5ordo^«| ^ikil oiil l jaU ^j^iwll tf j*^*^ pUiilf ; p/\ >j jc* 

(1977-b 



pi S^| U jL ^il J-U jU, jkiil J.U. <1 JSU lAiLu UL: (V/\.) JLi 
(Costa and Sordo, 1977-b jje 
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JAMS. JtAlll 

i^l l (JaJ JolI udA <iaa^aJ ^Jalaail 

Automatic Analysis of Interferograms 

Jakljill uJJ <U fta y k Jilau —\ f\ \ 

The steps of analysis of interferograms : 

lA^ 1 f Uilm L IfcJc JuxaLjf Ux»LiJ ^1 jj-ail tr 4£JI JJLa^JI 

<UaAj1I ol^JLH^lVf JfuJaS jJj . ^ULkjJI XuJjtl qjx. jLaj] $ji kJSaut 

Juim ll tr* ^*luu * r y^u4 <A) SLjl,l tj J—• jj ~n 

, tjc UUl <Uj£L <a»jj ^11 V-Jbjjill 

Jl»~* ^ oLi^pilVl JUol jjJa (^A£) "Rosen" ^12 

i Uuif^ plj (fjJI ^1 u ? VI t /tAn it Ip Jj < i A j-j. J)lH < (j-jj—*-Aj I ^hi jij SuIL 
uij^J ci lj Li I ,^1 44 ^^, ^ 

■ oL^JfcJI J i-vml j j^hftll JLtlaJ >*11 j < j^uaJI *Jl* 

• ^>^1 Jilaal ^ oL^jI^JVf JUjL J^aall l t> u ^-. ~jj 

jl JLSli Ja. 1 a3 cjoa oil£#lj—«interfeiogram JiljSlI *_*aa <Lj> 1 ji La p-~t u 

jL“** jl JL>i-« jLjfc# <jc *LajU JaJj* uJA ji < l JJjlL* J^lai yJA 
t-iLJVl jLwiljl 41 1 J jyafll ^L^jVI JxLjJI 

#L **<1 ^Jc. J«*il{ J-**£ jij . uiL 5 U ^c. ILL J£ aic jLu^iVI oiLLt* 

J^lj-Ill t_*OA Ja^ljjJ u . !Sm 1 <i hjVI J ilauJ I j j 1 1>1> )_j—*1—2 ^jjJI Q<JLl ,,JI g** ^1 J> 

laA . f| ~» l * a ! m i *>?v5-« *J J Irti SxL £-»ciLJVl j[ I.i^ i l c£L»Lha 41 . Jj 
^all oL^xh^JVI JLkjj oIjJaai gjtn Ji«*»a 1IL JL*JI J[$Li <iL^VL 

* Ja»liill plj^ut jy lu JL-a " Rosen " <ua5 













" Wonsiewicz et al 

. auvi 6 - V“*>* ,> L*jbll JiUoll yja f Ixii^L J- ■-» ^ 

Ja-lll j4* f loii-U v*ij oljUl Jl Jiljill ^ j* 

^ « BI V- 1 ^ 1 alii Ji - Scanning microdensitometer pw.UI 

V^i J* oULJI ^Ul p.Uj; jjjti Ij^UUS. s j; . m i 


< 11 J £jii 


L**K 6 * HjS- LSdL^i UUii ( WA) "Presby et al"- .-- i ^ 
UyL r lail^,L Jibdf w^S- L^ji. jH cillLJI UILd Ji ^Uj ^ 
viLBU jL^rfl J.U. ,*£.! 4,. JUVl 

• LfJ J LtXt I yL« 1*-* <a*j jl* 

MarcuseL^,^ * (VM) "Presby et al" dll^ (\M) "Boggs et al" r Uj 
^ *** * Jilolll Uf> CfriAaJS..., and Presby" 

U-*L^2l , L^, <J ^ 5 ->:H u^II 

oL-L J * lj^.1 <U*— I* ^ f>Uii oty£L Li^oj jj^. .m i ^ , . 

*'*^ U J^l4_UI vo£~a>%-* r xJ > “> . J j^ii. JlaIjII jLiJLI 

"Leitz" jiLill 

fJaiS-L Jf^ll y.Lill ^j r#i i >L ^, j^i ^ I,,. ,| 

o.UI« te ^U(N\A£) "Rosen"- ujS U tfJLj 

: tj4? ^ JlIjSlI CjLjjX^jjZjLA <> U3UII J^IjUI va4 

• stage Satli J* J^ljdl ^u. ^ f: _, _j 




<uiU <> J £>J J* ji 0JUII jL-mVL ^j3 ^1 ^ 

. l*l» <±4^11 C.LLJI ;ui£ <jl*j 5jSi ^ j,i i t a.jj t 

& f* <ia^—* j>*-« f I. l I I.. .U ji Lu^JI i,„s£ oic graticule^J aH^ L 

• v-i®. <n i|jLuij| 

. c^Lill ^yt <aJ!llt( oULull J . l-v~ —j 


• JLJaJllI gjljj J >-»- ■ ■•" — A 

: Picture acquisition Ij^l Jk. Jj—ti -\/N/N\ 

aaL ,mi j_ 

• t>» ^>1^ JLai SjLfr^a tg lfc JwftA. - <-^LA ^Ij jl Sjj . - 

t^Aicr* ‘ fl* AJkLi^il L\U. ;, Lr.. h 

by^Lu^^ JiUI ijj^a Ij^tSU. *#LaJU <«; J I ?^i...t 

obij JJ Ji>^ Ij^li Jltj. parallel acquisition 

, foi l .,,, LL d>aJu <]*i£, serially l^l jL ~«...‘ <LjL> 

. Sj^l ^ Oulu* U^ UjLuu> 

diode j^Uu-aJI <> o*iljS iy^u UjJJI Jllju oLkal llu^ 

^^^^ *L^I<> jjoiboljLiVI ji jLjiIJ ....- 

r lali-L ji, <*** ^ju^L U«-4 Lu-^ tJLili J£ jAjiu <^lji* JU^*^ J Jr,;.,. 

. <ijiu^ JLi Charge coupled devices olijl* 

: fU>1 jj s JL >—ji j^ -y/\/\\ 

Digitisation and storage of the image 

Xu. analogue form JSi ^ U^SIJ j^i ^ ^ oi o- fijlL 
o>-JI JJ=J UijLut fiijai fJilll^ Ua li*L^ISjSI J(i 1 VI, 









<LiJI *lk aic <u>uJI iauill JUJaJi 1 Sjuill <ajS iu-ullL 

<k~.l* 5 jj-JI <*>1^ ^ <ij£UI JklxJI v o* <1^ ^1 liA ^Lu 

^ cUhilf v -u oiJ^i all tfj-—-Jl flkiil flak 1 tu Lj) c/ Jo-^JI JiljLill 

Lfi^ iAiJI jj^JI ^ set J}LJ ^ju< ^HjuVI j^j) jLLJI 

<-*>^11 So-iJI UjSj t^f-L t+i. o^oj ^ill dt - pixels <ik2iil jj.-M 

chrominance index J*U_ cllj . Uo* ^| J^l tfJ ul ^ 

tr 1 ! ‘JO^ 1 Jd>=^ *= Li^ , ^AuVl iljilll . . .| ll 

. Iflu Sijiill ^III SoJiJI olj^jIU jjcj oULJll Soaj^i iikill I j^.-M 

Spatial digitisation : ^aSjill 

*J>«» Jil 5JOaJI i^Lttll JOaJajJLilxi jl ^ JLLiJI jj-u«II 

J^d ( <—L> jJlji <ij£* oJ-LLL. <- 1 —tijj <^Lil J^kk ^ <^| ag : .fct l. LS-. 

UljLklu-lol^LuJJI^,*LLJllijjLu^ 

. <^MkJI y <ukilll UIXj 4Jc J.UtM 

, SoaL# Jil UjLlc.1 JCJull <ju^ 4 i!xuiJ o ♦ ♦ x o.. 

cr* P j--K» JO—-II JAxI ^Lj jjjju JjLLkil ^ L^i, 

J1U . sampling frquency F & S^UI olk-JI jj* ij^\ ^ I <^k r: ^ -- 
4 ^ k_4^ pattern £ 4 >*j l+l i-o^-ka^I <ku,ljj UjLlkl ^,Lk» ^ <kii 
circulars j 4, G ...»I^iliti^1 i^ajdli . Sj^^JI<J^j]|^ i^K- . 
<-u>*-ttll So-JI <j3 jxkj <$all Airy disk ^jjI 4 >j-aJI J^jkk jjlau aperature 
^Ujall ^ x jtiUl Bessel <Tla Jl >j3 Jj (x) ^ ( (2 J (x) / x) 2 <1IJI U_^ 

. 4*=«JI -k>^ j^>* t> ^^1 x J( ^jVl 


—XYo— 



ex PuAjcnj^ <sjA «-u j£ <j£#j <iL (NMT) "Hopkins" aUl j$j 

**^ fc o* tfl oljjwGil # (jikl Jllj (-x^/2r^) 

r >A cn>^» •-**-* iP| >jdi • ^ aa* ^Ual 4J oL-ac 

alt L .4 "»•_'• t>* Z*1 • Jj 4 »^ I -k>^ J *alc *L»^_uaJj Jx-ill J ^j|| 

• jl UUauII 

r -k>^ aajJUl <IIJ oVj^J Jo^j 

s j>—J l cr^ tf t ui c^“WI <> jr Eccles et al 1976 a : Jiil - ^(. r ...t 

r-^ 1 ^ (S^ 1 tfJI convolving the pattern of illumination jJ. <Jt 

JA\ iuVI SfcUll "Rosen" ^ji ai^. <Ui <> <^U1I ^J| LjLi 

: Jc 1 <^L LL Jc. p jj^JI jjc. ^L«“ 

P = 31 / Jim (0.22A/NA) ( 1U ) 

^>* cU* ^ * jf iffi l 5>* m < tfjjjJI ^ 1 . .."Vl ^ NA 

• faaJL-utl J>UI 4fal^l 0j^all 

flying spot^la-aJLuiL ^Llul l i .o j (^>Aa,b) "Eccles et al" ^iij 

yJ] Jj j -» *. ■ <;aa_t oliLu Jc. Jj ■ *-> ->l l <JL>U jc. microscope 

: <1jL* 1I ^aaJLu«l , ^LSjl 

P = 31 / It [ rj + (0.22Xm / NA) 2 ] !4 ( n - 2 ) 

•a— *±JI J—oS *alc ^all >11 scan tube jLi . ^ J| j r 

M tfaJ! ai: 4^6* ON JJ 

A, ^^aj.1 <(jJo *>*-» ^laaJLuiU NY«. \yij \, Xo jLu-* NA ^aac ^L*ul 
u£ooil immersion^iJI JSL^ ^Sll hJL <alui ^.*^...> c ... 

P (jr* -1*^ jj « ^»l l t-j-uiLU ajjJlj IJ» > 1 1 ■ » 

.(N->N<laUai)foT^U; 

spatial filtering .jljll jL^vi j i^U 1J\ oLU«JI 

J4,. Ij^l^ll u U.la<l.lills JJ _^JI 
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^ Yol X a.Lr.1 1 ^.^Jl <*(£ 

u^UmjVI r Uiill yi JLkii J£| y, x oLul^VI joi Jui Lk^. <^Lill 
^ A tf all O^JU , (olxao« >L*-) bits (*)cuUI «> Ou. 2L..A^ 

. **ai o \ Y cmU ^ L_i*-Jlj < A t Ujux-foi^i Yol 
. . NY ‘ cab A IfJUU^fkUtfl kite- citi^il , Lksl _- 

J«-ju jii I^Jsaii^( jl^ i ,„j ji* \\v. a\.j ? -i J 1 1 ^ j^ 

^ * S? t»8i H j>^JI t> Yon x Yo*\ 2<y% » t 4 ~ ,..i j,? l <- l 

. 4mjdUa U Y , 'YJft^ 

Singal digitisation : ^Ujl SjLiVf 
L^Uki ^1 Shj—^ il i^ill jx*J Jel ^ 4 ^ kk*j| o^UJI 

>k-JI Lu c&*ij u4>j fLlkJ ^ ^ ^1 okuiLjll f .l.il- t ,„b J ijLij ^^31 
^Jl fnnill t JaU CuL m J 4 x. ^ SjUiVi cJL 4 1 Jala: ^ (1,0) 4 *^ 
signal tOpL^ill J| ijLiVI <^alll oil* IjU . N m 2 m ^n 44 c 
W-JI J—j jJ <JiUH *.io . N = ^ S/n ) / ! 4 6 U rX. a-iLUl noise 
^U^JUdLJ^a^l -jL C^L^JI k: JL> ^JVl * 3 +^ 4 ,• (W\) "Billingsley” 
NYAjjt ja*acuU V 41*^1 ^jall ^aa»jl( ^li^a * V\ =N, \ .. 

YM - N < \ . Y. . - n <-m4j oU*a ^laaJLuJ okj . ^ 

• ^ t£>=^ jl 5>-i ^(iau 140 J,U 

Storage of the image : SjjaaJI £^ 3 — 

r 4iU| JUall o^J . ju4ai < 1^1 Jc. jl kil^j^O £ (j]f Jc j^l , 3 ^ ^ 

Cl< oL-lltl tf-«a u-ljii jijSj integrated circuitry <kl£UJ jSlj 4 JI y 
J j 5^ ll^ I j U . f lijl ilaO J*. jj^J I <> 5^ oLi* .jayli Liaa jo^l 

t> <abVl CK 1 I JbVl ui>JI jJL^, cuL bit UKj (*) 

: SjUll «> sjuiVl USU 

. Jtja-311 I 4 * Jlky. (0,1) LuUj Uij^j. Binary digIT 


-rvv- 



SjLiVI jj|jLJaiiSjj-u* o\T x o\T ^lj 1 j(jj <aULH jj.^h 2<* 

<»..J I < cuL ^ ^i ^V 4 j£ jl u^1 ai <LJ»ii 2Ijja-a J£] 

^ cuLJI - cuL ,^lL •, to J\ 0.25 Mbyte ^ l+LSL Sjj_-JI ^*>^1 

ixs \£ W! J^f S“*^* fc 5 ^ l> > ft > - ^Lulu j-uaLt j>* u£* oe*^ 3 £4>* 

Vt jl UJ^-. N*\ ^ Utl l < 8 bits «LuLu ,j-» ^kiil ?L K~. > 

. L1a £il>* A 0ULJI jj-6j >*j JjIm jjJ I4I* ^ ,1-^1 ...1 ,1 Iju^* 

Uj^jjjLJI <AxJlj . oULJI jj»*j (j-* Jaii J^lj jaj (jilSJI £j^tl jj| OuUlj 

(jaljii (jil < jV 3. tJ I l rt .«(j 1 a t-jll£j| obj’t-fcl Ojl.u a oL(jl*JU {jjk <JaU * » -< ^ 

(> *<aa j-uu^u 0 1 o^-i Floppy disk j^JL^JI ^1 ^jJUI ui>isU 
*JJl)-'-® UA»^I lU-IjIII oljLyjiu 6 li Lila. VI <oll£al jjJ . CjULJI 

J- U ^>*h u* l | .lil ^*\ j l ^Q^LaJLuu V <aJL-a ijj&l I±i_>-fc Cxy*-* (J* JoUiaVI . <L*La 

J.“l“ t 1 ji £jj3 ^Lsl jjjJ JjJiLa ^i>4 J\ yjj J-*>lll jxL ^III 2j£ljJI 

o*y^ *' ia Oir i li* jrlji.yi J\ JLkjVI Ja.i ^>#1^< c*** 

J^>tll v-oLmAj 11 a_>UV > CjLLj odj^ 3 ! <-daikJLwjL ^ a-i-uj jaj, a oLL^a Ij_> ^ j 

J-vlU <*£(>« ££*?■ J*-e^ ol j <ijUJI (J 4j ^IjaijJI ji j-iULI 

CT^ i>l J d l Olj— 3jj j] jjjjV ,ji j -fcjj j_uul d,l 

. (R. A. M) L^-uoll 

Mega cuL c^pL« Sxc. ^1 L^i ^Ij » »f Sj^I jj J-aaJI jjVI 

. bits 

J^ldall yJA ^SLpUj^jVl J jlf> “II : jj-^aJI JLJaa —T/N/NN 

^IjuaJLuiU kiLfiU jl ...<WI (J^Liba J djj * (jaSLaImIj 

SLu^jaJI la-jjjLuil ^mII J^IjUI 

Picture analysis : automatic analysis of interferograms and deduction of the 
index profile of fibre using the interferometric slab method 

<jA j J^lalJI <JLjL Lf j J c ^..al aJl all (*.> >• 


-YVA- 


: tr4 ^ S (x,y) t|i >_K3<X4JI n (x,y) dj^ij 
n (x,y) = n clad + — ^ (1 1 3 ) 

• Aa±u t i CfrLiUl*qu*jji,^u o«JI(jJ] 

J*L«_a ; UL^ L| i g; i > u^l ,i ^.- t .n L<aA4JI ^Ijl ^LJ^SL^ 

oxfil <-»lj]^L jj jl < », u i » l -> .fJ. tl " > i n L (V—\ \) <]jLa 1I j l ,..<W I 
jLi| U L«_u ^^>-0)^1 ib^ o* <\^lll v_jJl|JI ijj nal c. <la_uJtl 

WonsiewiczdL^^^VA) "Presbyetal"j(\W) "Wonsiewiczetal> 
JU. ^ill Cartesian coordinates Sjj^jill oLSIa^VI 3~j-- - ^,.- ^ 

. Ji.ljUl 

fA> <jLjUL Jllaill (jiuL^jjVl auaJjl ^jj 

:(\/NN) 

J . .LI’.I , jJX. Jajljui ^Jt 1 | l j •> i Sjj^o ^11 > L ill JLyjkj -1 

• ^ <> Jii ^Uii Facsimile^*) 

*^f h '‘‘"j cm* f aa*JL* uL »-k U‘>i.»tl !»■j .*H ie Ijji ^ 

• i.,1.1^11 

c*(>LUI yi l+Jall^tf Sj£lall u**jm «JLL ^Jc. vjij^Ji y,x oLSIa^fl ^xk <jj±l -_a> 

. SLoUl 

ia^&ll ^-Lil £ut L f 1 , 1,1 ~i.i j fcjiklj ijLu, (jJj Jllalll dojjA 

Wj ‘ SfN-* ^LiJS (jj Scanning microdensitometer alj-tJI ? .v, .^f 

a>^U dj^il ^J-All -Hill JSi yi Lu>-JI JL-ajVI C.Kj- 1 pljAUj r LLi J.. .O ^Uil (*) 

o^tdl .LA 1Lu.\j! JiUI U.U oLAA Ji 4L>^ ^ jl^j. kLu.ijj JjjJI ^ oUj^i^I j 

r*' »II ^41 uwl S^jjil JLajtfl <K ut JbLA {j* LfJij , <LuaH .-.Ij^i ^-~ 2« l .— I ^jt*J| 

di>A" jl-faJcP 1 ** jlf? l < Ka*u .t j ioa. JKjuiJI tj.-sncijJJI^Jl ^--j'llj 

. J^aSU LLj i^CLm p*Mj j| JjLj j] 5j l >xa (^f O LA nil 


-tv^— 



T©*\ ja gray scale ^ i. R.P. J.~j|f 


^Hi^ill i*A*i\ <-.>> ^iii < j jjz <il s> U.I jciLu. ^11 cJLLJJI ^Ull ij^l 

J^M5 ‘ tA>^“ vXili<k«,lj4 Jailill <4^uJI SxJutl , ftiuJf iuCIJ 

fcL^I £4*^112^1 Too < d{U £jljU <a>jr» .il l jljtVl J> n dJt iJljlaS: 
<^mi j*. jUjj. ^uii jcn Lini <>*uija<£>^i 

<jil ^Ujdi v xfll i^Ljj . Jllaill v jji UmjA «> JLjjlUl 


^Ljj^ J£| Jaa. To « j J£] <Jaii TT ♦ 



^ • jj-Aj <A.Loll 


. v*H^I tA f4^l V^l ^ii5— v ^u 
facsimile device J f * jLf^. <ku<ljj k^uuia ^ LaJ (T/\ S) ^ij 


. <**4 c— t^J ■ JfW 1 £f>* fir* <il£H 

ua afe,JII OaJ V*^ 3 y.X^ *-jJLfll £ji(j4 g-*^JJ * Jt -J 

uiL ^ oliLu <ji>— f%j Uj_Lu<»II *i^J U-^ * (T/\ \) > 4j J<.M^ 

jL^iVI oiUU* J^ V L^ £> ,> ^ tf j|| ^UjJI caUall dlj ^ 



^L^VI ^ : ( \/\ N ) ^ j^ 


-TA.- 








/ 

fr* U*A3j=Li>-kll lilKJI <^0* f ^ V 44JI ^ ^ (1) : (Y/\ \) ^ JL* 


(v) (j* ^ ffi 


• jLui^jVI (Jiflj^j wLlmai —Y/\ N 

Calculation of the index profile 

*"• ct* 4 tt (r) * * i j •* ‘ x,y ^a_i n (r) jl u^i VI <JaLu* . . 1 
*^Ai« <la L»j L> L^» i j.x* .tJI i_J y5b-« <>• r jju jlc jL^ullVI 

cljLLll ^Lil JejJ- <> dlj fly. interactive (+) <>Ui r hil«,L 

: <uVI ti^Qll 

y cP^VI fljj * An v L*oJ Base line o-U-Vl J Ji LL -} 

3 U 14 JI ij if. ill y Ju_ii ... 1 j * SjLLi-* Oju J<kl n c j a( j JaUuJI £jlilill 

‘ (V'') J^All ^ ^ Ay ya^JI JLJyJ^L-Vl 1~4X 4j£>ll 

‘ <jjufc J£1 Sj^JLaJI jLoAil J*l*l y Oui jiljSj 

Lfxj f jj£j jjLUll D (j) dru xa_JI. <i» ^jllj 

• H ojii l ^JrVn« jl...<WI 

6^*; : (( x 0 ’ y 0 ) *J J* ‘ * .11 *■ jl j£>*) i^uLuili jja-* £4-. C/jju -sj 

y 2" y max*" 4 '' *‘ i ' x ctLilo^VI j£j-* jl >. L^1t » tfiL x Q <L2iJI i_L_>ju 
^ (x, y) <kii J£ jit r o*JI V L^. <^1 (x Q , y Q ) 

Cr* aJL^f- c,lj^ r ^LCj r = ( x - x G ) 2 + ( y - y 0 )2<i^UI <tj£jll Jujl^II 


-YA\- 





* * ,n * ‘ Ay <->. l| ll <-^lj| tj-* J£ CM*j ^Xt : jl ... <; VI J-*L*_* £g_kju —.^ 

(j\ itri D a*JI <1 Vju An (r) <Uxfll ^ic. (x,y) <Lij J£1 r ^Lill 

U" 4 ^ iJb^^ *J - « ^* ll t 4 au jAJI tiLu^j i (j*~ ■ *1»" - jutji 


“O'S-T 


o^UJI 


(11.4) 



g^b 4 4 >* <$ill <L.u J£1 laAJI £*>l (x,y) f*j2 Ujluu (V/\ %) ^Jij J£*i 


JLiaJlII 


oLajj^> Jif f-iil jM J*l£ll u i . Tfct 1lj. jLu*iiVI J-»Lu* JjJ^^l/W) 


An(r) = 



: <IjL*II fit JilJ 
r <a 

r >a 


Gc 0 2 AAA (^1 gilt tjMwlI > LuCUi4 jjfi jlu&VI JjLju IaiI jjA.1 a-X. *1 ^t , .»...t lj 

Ge 0 2 ■ Si0 2 ^ ( ’nl> u< < ijiiuill ^ Jl <iLkljJI .-. [s^Ll I 

I j-A u a »«i j j < 4 _*\j -All eiLJVl g-LuV MCVD jLa^JI .yi ^Jx. <_*jLaJI j !> «11 

. Central dip <,£jll i&JlL I 


JaUjiIIj umLI L ^aLII JLajVI ^jVwmJI juu < JjjLuu ^.(L m Jaju ^jujSJVI ■ ....i^i i ^Llaj (*} 
^ ..tVnn ll L fla tju I * J*j CiljUc <LLauIj 4 oil lull Cil jjAIa JLLjJ ■*••_*-. « ifjljat - j I ■ ■.? ■ <JU 

• *j jiai I^Jc ^.LLtlll <LIaI <La!j 


-XAY 






<-um( < digitiser < j_» t_«* lj^ ^l*v (N WA^ "Presby et al" ^ jij 

(o/\ \) fij JiAil fji fUji ^11 jjxaJI « desk computer \ 

<ULijJa ( jj i i nn Aj^J«Lj_4 ^Ja. 1 J_lJI a 3“* oLakj-a-tl jl glllll <LaJLaJI 

d^Lat. will Ij£aI£ J-aa1j . <-u-ajJlJI <au_)Juil (j-* J^atl 


analog-to-digital <> ^-aj»j ^jialu Jj «■ <Jxx J uu ^jll ^Sj-a ^JJ <_uj_^ll LfJiljLJuJ 
<^ 3 u ijl a ( jj SjtliA a Vni a Jail juj-k~> jju cuL A ^a I.h*» <ij converter^*) 


i jLt 16 o Li Lull ^LaaIuuI j Jail] I jLH.1 ^IVI ■ ^laL^a < jjjuill 


t* < t * 1 « > a < >i a JajJaak ^^Jc. * _‘\j .All jj i * II oLlLu ^*a-J I «_uuiLakll 
OI *»Jf JbkU I £_La1I ^j-a ^yk oli jX (jJ-olj Ja^ ^ic. Ajl“>4ll Jailll 

^lx^JII £j-*lll ( jla> * illi a^m-uJI v_J 3"* i~u>* jj-tulj Jaik <x^uoll A J <«J) 

^ilj-A (jJVI ._i i» LaJI qUty . (jJLuij Ja^a. (J Jfc AJuJall j_t i*i Ja-aj (1/W) J^jJu 

(3* Jix ^uil^A J^jJL jt Cuj .All tlmil fulfill ^xffl^A (jc. £>,ra Jl |jU 

• Lr*^* £-]“■• Lf ^ £-H oLaujII JSI <Sj_)Ja JaJLuiL <LLflll Jj^a. Jallll 

^ *la> > 1 1 » (j^l I Aj j A i t il I i_J ^iiLa jLt CiL^jJ a -a ^ a ^jl JaaJI <_mjjI— aJ I 

(^y *I j 1 1 AJ-aJLa oljkaJ jxuljtl Jaall liljAJi . (^GuliLajLa ^UiJi ^1 3*-* Jjull jUAj] 
v_J i.ti^Vu 3-* UuLJLa jloll1 4 .4 i^>*i aL aJiI iji r ^fxa3fJ <llj ^Jk ^lll CtjLfll <_^ljj 
4_>tuiAi ^ Ay ^ S (H) jxjlL 1*1 j-»jlj <a»lllll <11 jJIj < La 3^>* I Sj^uill 

jLlu^iVI (J^Laa ^-jjjll gilulll Jjjjjj <LtLflil (jjj • (L/^ <bU-JI LLL n (r) - 

> oLlablll jkbujj jlfaJ 


um«Ia 1I jj ajjLaII analogue signals ii^lolxiJI .-•I^a nil JiSu^ jl^a^i n*- * |*j 

uul* a 1 1 < ?o i •l i t 6 talLa <Luj ci11A11 Uji ui 14 -ajjuj < analogue computer ^laLill 

•^1 

(J-L- IjJaj LkJ Ijill* *tux* » * I jV <>Mia] ^3 (jjjjjitl jl^ Jjl (£jialzjl jl u , M ljill uimUIIj 
• ta.jj (juluS 1^* <IuAa Ajuklk AjS (fyUMA jjJx- I^Lj 3 * 1 ^ CiljJJU 3 * *LjJlljuJI jAIjJaII CiLj~ m» 

• Itlim Ajjjaj ^JLt IJUU ^11 jjfc jlji j(aj|j SjLa Ajl va 


-XAV- 





^ 3L^ J.I-J ^Sl^yVl U;>jf f L&li*4l J-l** JfU* : (*/ N ') <*J 

(least squares c.Lu>l jsl U*>u ttiUli g- 3 U 3 VI >u-U u ^ 1 e*^ • ^ ,jSjl 

fit) (a = 1.97, A = 0.0076, r core = 24.0 Jim) 



tj|UU& jit jLiXJ J«U« Jill %i ^jUU tJit fljakV 3.i-v*.-l I ij^aVl qUj : (o/\ \) p2j |J^** 
C t JaJjllI INI I Jjii jLa (jJt ^jjL fjZyua 1 jl 

o U*l » M P * cw-l* PC , JLiLi, M < jJJf* ^D. j^jui 


-YA1- 








{ym <U^U1I ^tutl JfcljSlI ijOA fljil «»U J^ljjt) UjjL : p/\N)jijJL4 

uJA ^Ltj Lu»ij Um> JL«j S . I^jl jltXil J«Uu ijMwl ^ ■■ — ye. isUaJI 

jl gy* jUi lit: l^lji jAi) cursor ialui y£&> C < Ojl^ji iL^i. 

<Ljjaa 1I Siiill JJM F 1 (*, lj.ul l l^UI j^ia £umyt ,).1>*J jJU fjmyjJl LaLi fjic. y+ 1m JbJL* 

^ ) I J*UI jlun tjL^jl J«bu (fjll jSluJI j^luj. ^4«|j|| JuJI 

(j>*-“V| £a»jll B« jaijVl 


l(j uJi ^L uj aI jlLiL^JjVl J*l^ jll —•T*/\ \ 

• I (J. ^k J J l u. t >, i 4 ^IjxuuL 6 j^Llu1I jLu^i! JaLu Jjjjj 


Automatic analysis of interferograms and deduction of the index profile of 
fibres using a transverse interference pattern : 


S (y) i^xftl <aIj| loL«l yjL±ju dJLjJI JiaKI 

: 3L3VI n m (r) jL&VI 


S(y) 


_ 2D f An m (r)rdr 

^ J (r 2 -y 2 )/4 


(11.5) 


: jk Jirt^'i JaI jitUt 


An mW = n m«- n clad 


7tD 


I 


dS (y) dy 

dy .2 2.1/ 

(y -r )/2 


( 11 . 6 ) 


-YAo- 



<JL>U U—y (UV\) "Presby et al" (\ M) Boggs et al f di dJfc 

Lf-J jl iX I JaUa JTjJLL# tj ! ) «,iii jax. jl » » 5 W I Jabu* <^*"1 \J~j 1 

ijiAoill SoLuaj 4 ->jTt Lf-xic (jltrfi -fc ,jiJI ^LSII jAldlll 3 -..L-L 1 ... *. 
JtLuJI i I f iLl li i iJI >J i^lI jL^Cil fh <JLijIa]l 4 ji • li n » ttaal yjt i » r- 

*-J ch* CA-^»bh jt j il. A VI ji^ioJI <L^ljV 5 J J • Mill »J I»il ^^jLaJI 

il J*Lw £jjJ Mii t i l l j 4 JU tj iltll <UljJ jiill ju |UtAi Idfi . jjj £j >« -*H 

Laj I J-«L «_4 ^ill (jjiollil ^ £ 1 ■ i t » J£ UjLu^il Jain* quii 

r s 2 

jLmJI JjJ* jd S q >* * >11 I jjk . I n (S) dS J*t£llL OPL jLJtl JJa {jc. j^mj 

-'si 

I j^ l I II* tjLw^ll Jrllj .» ^jll JlUJI tjLl ^jA *J 1 * uJ I J *JU « ^Udwll 1 

,ji oUjlU (jJk 6.1* . .. J I <ji jjJu (j jJlj aj all jl ■■.<•.( J*(jJt 

J^LdJI q* *>ta -5 qlc (£>Laa jA.VI £-J jUI Jjl ££a. (jj jAldlll 

* ^clad n-j^ *j LmSu I J* In* ^al I 


n(r)-n L =-^ 


I 


dS (y) dy 

dy '2 2.1/ 

3 (y -r )/2 


(11.7) 


£In*• j if 11 « jjj jj jLw^iVI J*l« a j>o^ ■ il... -v <juUJI dalntl «.!.*a. "*«.!» 

ie 1 ,A?I (j-» < Vtl >11 t_jJL{JI <^lj| |k j 5 JjUlt I <_.! i mLa ^IjlAJLauL Sj ■ . . 


<aJUij. Jji* jLa* £jl> (_£dll jAldlll t^l&jL m S uLA ^IjAJLuiL 6jXJlluli <LAjJuLuJ.1 
. (V/N N) 4laU*il fJLJa J*t£l <jJj JaAUj * l_^.| c->1U">j« <^lj| ^aS ^l < oblull 


juju j I. .X iV f J^Iju Ji i 4 > > (ju Lij | \ \y '\« Boggs et al ^.U 
icj »•%11 < matching index oil si *1..xt (d^L-u yi i^lj - >-*.... 

^L> »tJI ££j Leitz jjL J^Ixi . ^» a ±=Jt U* *\J ‘ ^1 1 jjjla 

(^1 j^VI ^Ijjlf SLaLcAII JjLuj Jja JjLoa til oAii La^ i Jj-ill jLuJJj ^>1^11 

X, = 0.9|1 , <i*fc u -a^jll Jj Ul l ^jl- Sk.\ PJ—aA j>. a < £-a^jll £ljj_ll 

. n L = 1.457 ± 0.0005 , 


nj — n ca j ( | j LjSi VI ^1 »La« sLaLaII ^Hl dlL^JI ..." ^jl aaj dij 

"Wonsiewicz et al" Ulj^i ^iJI ol^kAll quii ^ji Ja-jJI ol^L^o. q-J 



* (»/'') (J 4 J (\ \VA) "Presby et al" »illj^( \ \V\) 

gAbj* ijUjuM OaZ <Moij J\ Jiljull Ijy^ J^y^j jjjJLji JiW. 

OuiL .LJLiU ^J.JI ^lAaJLuil ^ ju^ . ^JVI 

>u*Ut jxLIhj <^11*-* iiflOL*- <1 <j^Sj ^il <]>*-• jaoai ^11 juxtill oljLiJ JmijS 

^i>ll ^ 3 -ijj< Television frame ^ o^jJLiUI jlLJ ^ i^.^ti 

X c • > * ^ >tf y (>r lc. 4 jU ti 4^1 tj^aj Iftlf 1A. J ■-» •» 

JL-jL j^-4 *UjVI £>!> JL-ail ^ Uii <ku.(>j cdU x^ y, x ^ Jb—ti 

<;ilu <L-aj (3f>l“ (jt ( '/\) CiLa.j-L-» yi| cOLa-1^ CuL - \*\ ^Lc. JLJLLmjIj 

• — A >il. L * 9825 A ^ij ^1 

16-bit duplex^**) input / output (1/0) interface^***) of a Hewlett- 
Packard 9825 A computer 

jfJu-* lU*“> »«i> 3 gray Xo*\ J cuL A J\ ^ 

W^LScuL A^U 

j* jo iAT fl <A+*. ^ ^ sJuif^ <iaJL^ ^ ^jjl jti.M 

<4^il oJjl Cfcjrf ^ JlsUii« U*il>* i.Ull i>lUI JL^-^JI ixill c: - r - 
‘LJjj ■ » »« XfcjJ <llo^ <_*Ju J 

* llA ^iiij < <jjjl jlI jLu <W I J-aljC. <jL^lekJ t_ij<u <JLjia <L-ujIjj An ^JVI i_uuiLaJ| 

*«LaJ| i^ujj xy ^ulj ^lixuaL ciLuli&VI jI...^>V| J»l» ^ ^ ^^ 


liA f t-fclun j < (jijdl LiLi yifi olilw 'LL* Jj-» CiL^k* S^1 SjLij iJ^um , jlLj * 
• 1 jlkl L^JLf Lj^iJI jLJU Ji\ i jUisU Uut jt^iull 

• cr'l Jliiwiilj JL«jl (fi , oi>II j^uij qvaIajVI oljLiVI Jl£uL JL^jl ^LLi ** 

<1(1^ yjll il>* fjll SjlAl tuu jj < j ll ‘ jl)*' jJk *** 

• t»li r 1 ^ O* 4S J Jf' ji Ui)4? (S^ ji uuUI ^UbL tuillll oliaJIlj 

U>1 (oS>II (jail ^i) tfjlyill Jc. oliLJI iaaj^*Uc J6U3 *;oL-l Jl\ ijlil (\) 

fjijai fUii ji is ,LwiVl jl C.VLJI o- CJU (^1 jfAi * ulaJI ^u*jA 3‘ Vflp jl frfta 

ji lr^ J\) (^*) (-•-* i*ii o^* 4 J £ujk ^Lill 
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a Uai « Gt ^ ylll 3 lljfl UUsI oLiaill ^1JVI 

. l+J jb&l Jab* <ajjl* «-JL6U jb&V I Jl^x>J GL-»VI <ljbtl 

^e. pjAj ^Uaa f l. l a l u i L objaJi 3 i<»L^jfo 1 <alba fjLt I LkjM bsj 

(jfc jLu&VI Jab* jjJt Jfcftflwy < jLt >M * ^11 t-nal.a - ^ij*» - jj*Joi 

yJJ reproducible ^3 l*_Jc J^aall fla ^pll glllillj . bl*l£ill <labtl Ja Ji> 

fcjjuull £* £LZ l+allij t> JlUb JJ J —3 5 j- yj U »u G 6^-±» 

. Optimam u i(ill <T<> lUI 

(V/N \) fJj U*l£ll <bb*il J*K 1 I Jail JL (\ M) "Presby et al" alii jaj 

5 (y) * b* II <aljj j>* *jf*-*^ll *-J j£J* o 6 r j«ju <l»ii J£ jjc. n (r) ^a2 j>* 

• -laii »J. l a * ^Slj-* die G^ba GJ4JI GaljJ Cut£ U^j . Jal£j ^1 J*aUu * Ij^L dll 43 

. JatSUI villj^j J^Uull GjJUl numerical techniques bujJI J3LJI gU 

• s (y) (jubi (ji <ijll GajJ ^i-lc j U<l *l Jab* Jaij^ gull* yi <2jJI GajJ OUjUj 
UJJl* 1 I oLLuaJI ( jJ I bjalwll jjUIj Ui'ui S (y) ^LlI ^ot (j 3 ll Jail)I < 1 (JL£ yJt 

. 1*3*43 

J*bll <jL_>Jaj ^-ij-*3 ^^lllj (\ WA) "Boggs et al" L*j ^^ll) J_> bill <JLjJo j>a 

bi* jaLu L *j J » jljuilLul (jjJ ijjxiill eJ J)b ja3 UuiVl yl <jajJlil < ^pljll 

6 .^~v~t * oLil -J I j* JJ& (j - lU^* *, >.**‘“1 1 <jl (j«j3*l iiLaVL . e^aall Jjiol 

Ajlaa — ^jlaa j( t &\ 1 1 Jab* u(m> ^* iC*l dij < Culi l* la J£ jLmSuI Jaba « 

Ja L* ..* uLua jjbi Gl jl < uballl l jl j^jll ^ 3 al ^ ~ I 4 -iialla (jjOjL < 

• i j i m l| li««>> jllI oUlall jlu&l cObba oib Ijj Gla <U| jl ■ -^‘‘1 

differential interfe- tr bi Lilli Jibill <lb LLi Gl jl 

shearing jL*a 4390 j-* >*lj j ^U. Jaljlll ^Lia ^Ijllml ole yia rometry 
J <ljbll ij i tlia M *l f> G jl lAiVI Jaba yjjl jl — dJlill Jiaill ( ji Ujjjl la^ — 

:Ji^(V/W) 
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An(r) = 


jcDs 


/ 


S(y) 


dy 


(y 2 -rV/2 


(11-8) 


J-.UII ylj <UL*Jj »jjk < y^y qU ItiajjJI S j»*j3 £ua> 


* (*i« Jkljlll (J« imi ^jti ^(ikill jU Jyi < <«lUJI 

* IjaV > yM«» U * — oLuakUlt L u ol jj U<>ji4 < (jmjA <L£Ll1(J 


M»4jlill (J^ljllf <A> >L jaLi jljc vJUVI jluilil J«lu tjLiiul juull 

< <utJjlutll Jlljill <4 UjJL < IjjMmII jj«. «Lm»j■*><<!> £yk 

i_Lkl jJilI oU <u tiS tii« ililjl* t JJjuI I JkljJllI ui / > ji ^ till I tJk(.illl uJi ( Jj LlI jk 

• jLJIIj jjill jLuull jjJc, 


4 j4JL»i lje.ll ijj* (£J*J Jkljlll <Jwji ^Jc J■ * <JL». Jl 

(J lc. Jj «AaJ I JjL jl . (jAjc. < LAl *dl«i <_j4i 

Juji oUbUll u* jA\ ouJhVI jLm JjJL ^ 

J.I * ■» f> 11 nV i.uJ tl I |^| liltj 4 1 1 ^ jLuliVI 

j« CaJillf I J^lxlil yiA liu)l UU (jAi • *JJ» 1 »H jLuliVI 
(i-NN) ^5j<J jUII l+k ji*3 Ay I «L^I jjj An (r) <ju<ukk<i^Lc. aa^jSijyiAll ^ 

Jj -lail »> W >J OuiVl Ctjdk Uj u>*> ^ill JlIxSlI ^llii <JLa> 4 

transverse interference systems U»U?I ^k Uo-** *^k 
Abel'sJjl ^Lu , (V~\ \) ^ U*l£il iljkll S (y), A n (r) <ju <JbUJI ^ 

t^u *jj * .Ml t_J <k 2 i Li j^c. An (r) Ji l, 4 .U • integral equation 

JilxJI ^. J-llIll Vjl Jj^L S (y) Lj*II JUjl j> L^k J^JI 

^jjJI ^ijUu* (^4 4j ‘"I ‘ » jl ■ ..^ Wl Jj| a a ^JjjS JtAAJ ^L-iLLlll 

. JiuU Jta(jl # l^3>,| ulleiuV 
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